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Abstract

The older population (>65 years) numbered 36.8anilin the United States in 2005. By
2030, the number is estimated to be 71.5 milliemoat twice as many. An increase in the older
population means an increase in older drivers dis A®a result of the natural aging process,
the possibility of older drivers being involvedarashes and sustaining severe injuries increases,
according to past findings. The objective of thigdy was to identify characteristics of older
drivers involved in crashes in Kansas as well as@ated safety issues, which can be used to
suggest potential countermeasures for improvingtgaf

A detailed characteristic analysis was carriedfoublder, middle-aged, and younger
drivers involved in crashes, using crash data nbthirom the Kansas Department of
Transportation, and comparisons were made amongythps. However, the characteristic
analysis had no basis with regard to injury seyenitd hence, univariate statistical analysis was
carried out to highlight these severities. In addita survey was conducted focusing on
identifying older-driver behaviors, potential prebis, and level of exposure to various
conditions. From the severity analysis, it was fbtimat injury severity of older drivers in
crashes occurring on rural roads was significanigyner compared to those on urban roads.
Therefore, a detailed analysis was carried outguisia decomposition method and ordered
probit modeling to identify contributing factorsal#ing to the situation.

According to the findings, the number of older madizers involved in crashes was
higher compared to older female drivers, even thander driver licensees’ data indicate the
opposite. Most of the older-driver-involved crasbesurred under good environmental
conditions and at intersections. A majority of aldevers had difficulties associated with left-
turn maneuvering and preferred to avoid high-tcaffiads and other demanding conditions.
Exposure to inclement weather conditions and diffies associated with merging, diverging,
and identifying speeds and distance of oncomirf§idriaave lead to higher crash propensity. In
rural areas, driving in the wrong direction, fagito comply with traffic signs and signals, and
speeding were identified as frequent contributexgidrs in high severe crashes.
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CHAPTER 1 - Introduction

1.1 Background

More than 2.2 million persons celebrated their G5tthday in 2006 in the United States,
while about 1.8 million persons 65 years or oldedd Census estimates show an annual net
increase of about 500,000 in the number of per6bngears and over. The older population
(persons 65 years or older) numbered 37.3 milloR006 and represented 12.4% of the total
U.S. population, or about one in every eight Amans{1). The older population is expected to
further increase in the future; by 2030 there tdlan estimated 71.5 million older people in the
United States, which is more than twice the oldgyytation in 2000. Kansas also indicated a
similar trend as the U.S., showing 357,709 oldeptein 2006, which represents 12.9% of the

total population in Kansg®).
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Figure 1.1 Number of Persons 65+ years in U.S., 182030
Note: Incrementsin years are uneven.
(Source: A Profile of Older Americans: 2007) (1)



The population 65 years and over in the United Siatestimated to increase from 35
million in 2000 to 40 million in 2010, and then%6 million in 2020. This is a 15% and 40%
increase for that decade, respectively. Moreower86 years and over population is projected to
increase from 4.2 million in 2000 to 6.1 million2010, and then to 7.3 million in 2020. As a
percentage, this is a 40% and 44% increase fod#dde, respectively.

When analyzing crash data in Kansas for the pageafs, a decreasing trend in all
people involved in crashes can be observed. Fiy2reepicts the comparison between older
people to all ages involved in crashes; it is intqairto note that older people represent older
drivers, older occupants, and older pedestriatisisnchart. However, a majority of older people

involved in crashes are drivers. Details of thesmlpers are presented in Appendix-A.
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Figure 1.2 Comparison of Number of People Involveth Crashes Based on Age:

Older People vs. All Ages

Over the last decade, a decrease in the total nuofipeople involved in crashes can be
observed, whereas there is no such clear variatiwong the elderly population. This could be
mainly due to two reasons. Either, there was naovgment in the elderly population with
respect to involvement in crashes and as a rdsikdame number of crashes seemed to occur
each year, or there was an improvement among tleelglpopulation and there was a reduction
in involvement in crashes, but it has been compedday an increased number of the elderly

population so no differences can be observed. dtter lassumption is more appropriate, which



can logically explain the situation with regarchigher elderly population growth rates over the

last decade.
Similarly, the people involved in crashes preseimtdéigure 1.2 can be classified into

five different categories based on the severitypiries caused as a result.
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Figures 1.3 and 1.4 depict the highest and lowgstyi severity levels as a result of

crashes. Figures depicting intermediate injury sgvare presented in Appendix-B. By
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considering the figures, it is evident that oldeople experience higher injury severity when
they are involved in crashes as compared to othatsthe number of older people remaining

uninjured as a result of crashes is lower comptred ages.

1.2 Problem Statement

Since older drivers are a subgroup of the oldeufadjon, an increase in the older
population means an increase of older drivers dis(@e This is more accurate for a state like
Kansas where dependence upon vehicles is quite Aglording to past research studies, older
drivers tend to be involved in more severe crasisesompared to middle-aged drivéts5, and
6). On the other hand, advancement in technologynaaty other factors have led to an increase
in life expectancy of an average person. Accordintipe U.S. Administration on Aging, in 2004,
persons reaching age 65 had an average life exypyotd an additional 18.7 years (20 years for
females and 17.1 years for males as compared @) {B0But, as a result of natural aging,
older drivers experience physical difficulties s@ashloss of vision, slower perception reaction
times, decrement in depth perception and peripwesain, and deterioration of physical strength
and concentration. These may directly affect otttarers’ driving capabilities and skills, which
may increase the possibility of this group beingiims of motor vehicle crashes. From a safety
point of view, this has a direct impact on safedgexcts for all road users.

When considering these facts, improving older-drsadety is important and as the first
step, it is key to identify characteristics andidéas related to older-driver safety in Kansas. This

study is expected to serve that purpose.

1.3 Objectives

The objective of this study was to identify chaeaistics and factors related to older
drivers and their involvement in crashes in ordantprove their safety on the road in the future.
Improvement could be accomplished in two ways.tFiegluce the risk of older drivers from
being involved in crashes and second, reduceithjaity severity when crashes occur. Therefore,
identifying factors related to various aspectsldeodrivers and diversified conditions
contributing to older-driver safety was given pitipin this study. Identification of possible

strategies to improve the safety of older driversd ather road users was also considered.



Improvements were not limited to driver-relatedtdas, but covered geometric arrangements

and traffic operations as well.

1.4 Outline of the Thesis

This thesis consists of five chapters, coveringlthekground, problem statement, and
objectives in the first. The second chapter cosgitt review of prior research related to the
study area. In the third chapter, methodologiesl irs¢he analysis are presented along with
descriptions of data used in the study. The foaipter covers the results from both
preliminary and statistical analysis, and a dediadlsscussion is presented, relating results to past
findings. In the final chapter summary and conduasiare presented and recommendations are

also given suggesting possible countermeasuresgmie the safety of older drivers.



CHAPTER 2 - Literature Review

Older-driver safety-related research studies havexéended history in addressing
different safety aspects using a variety of datebasd surveys. Past researchers have used
various statistical modeling techniques to prediatxplain the nature of older-driver crashes or
injuries, and there are many findings listed urttlex area. Furthermore, different types of
crashes have been examined by these researcheosying down the study to identify more
specific factors related to selected states. l¢hapter an extensive discussion of past findings
are presented under the following subsectionsaadgegender comparisons, rates and trends,
injury severity and crash risk, crash types andteel maneuvering difficulties, intersection-
related crashes, effect of passengers on oldezrdtigafety, risk to self and risk to others,
countermeasure evaluations, medication and rishjafies, decision to stop driving, vehicle

design, and statistical methodologies.

2.1 Age and Gender Comparisons, Rates, and Trends

McGwin and Brown(4) carried out a study comparing characteristics anaung,
middle-aged, and older drivers in the state of Alah. Crash rates were calculated using two
main approaches: per licensed driver and per parstenof travel. Following the crash rates, the
study was extended to analysis of more charaateristich as responsibility, driver conditions,
temporal characteristics, roadway characteristiogironmental and geographic characteristics,
crash characteristics, driver actions, and alcohalvement. Significant differences between
category frequencies were determined using thegiare test. According to the results, young
and older drivers are more often at fault in craskecompared to middle-aged drivers.
Characteristics results were similar to past figdisuch as older drivers are overrepresented in
intersection-related crashes, failure to yield righway, failure to heed stop signs and signals,
crashes occurring at daylight in good weather dord, and at lower speeds on straight roads,
etc. The study concluded that younger drivers iaketakers but also lack in driver skills. On the
other hand, older drivers are risk averse and kagellent driving skills. But with age,
perceptual problems and difficulty judging and @sging to traffic have counterbalanced this

attribute among older drivers.



Abdel-Aty et al.(7) used conditional probabilities to explore the ptatdmelationships
between driver age and factors related to crasbivement including crash location, manner of
collision, roadway character, speed of vehiclesrgno crash, roadway surface conditions, and
light conditions. It was found that the elderi66 years) are overrepresented in crashes that
occur at intersections. Irrespective of the loggtmder drivers are overrepresented in right-turn
and left-turn related crashes and angle collisiGider drivers tend to avoid bad weather or poor
driving conditions, and therefore, their crasheslt® occur under clear weather conditions and
during daylight times. In general, the analysigaated that both young and old drivers are
usually over involved in crashes. The younger grmals to drive in situations or conditions
where there are higher risks, but elderly drivergitto avoid adverse conditions as an attempt to
compensate for the decline in their driving capaed.

Cook et al(8) calculated the odds of different characteristidsldted by older drivers
and odds of older drivers being killed or hospaztatl compared to those of younger counterparts.
Results showed that older drivers are less likelyave crashes at high speeds, involving right-
turns, and involving drug or alcohol use. But thegre more than twice as likely to have crashes
involving left-turns and also more likely to bel&d or hospitalized than young drivers. Among
belted drivers, an older driver was nearly severes more likely to be killed or hospitalized
than a young driver.

Li et al. (9) estimated the susceptibility to injury versus esspee crash involvement in
the increased fatality risk of older drivers pehiege-mile of travel (VMT). Elderly drivers older
than 75 years and younger drivers had much higtvgrddeath rates per VMT compared with
drivers aged 30-59 years. The highest death ratesjpe driven and the highest death rates per
crash were found among drivers 80 years or oldathEr results showed that the fragility began
to increase starting at the age of 60 years andased steadily with advancing age.

Lyman et al(5) calculated driver-involvement rates for all polieported crashes per
capita, per licensed driver, and per vehicle-miéweled for 1990 and 1995. Also driver-
involvement rates for fatal crashes were calculaded based on these, projections were made
for years 2010, 2020, and 2030. Using projectidrsopulation growth, it was estimated that for
all ages there would be a 34 percent increasesimtimber of drivers involved in police-reported
crashes and a 39 percent increase in the numlgeivefs involved in fatal crashes between

1999 and 2030. In contrast, among older driverb¢c@oeported crash involvements are



expected to increase by 178 percent and fatalwewoénts are expected to increase by 155
percent by 2030.

Baker et al(3) studied the special characteristics of fatal azashvolving females older
than 70 years and found that senior women are @wessented in crashes that occur under what
is generally considered as the “safest” conditiordaylight, when traffic is low, when the

weather is good, and when the road is dry.

2.2 Injury Severity and Crash Risk

Dissanayake and L{10) carried out a study to identify factors influerginjury severity
of older drivers involved in fixed-object passengar crashes. Crash data in the state of Florida
was used for this study from years 1994 to 19960 mwdels were developed using binary
logistic regression modeling for crash severity amdry severity. The explanatory variables
were selected from four categories: driver relatethicle related, roadway related, and
environment related. Since the respondent variaddedifferent levels of severity as marked in
police crash reports, several sets of sequentiarpilogistic regression models were developed.
It was found that from the model for most severkess severe had better predictive capability
than the others. Further, they found that the yageverity model had better predictive capability
than the crash-severity model. Travel speed wasd@s an important parameter capable of
generating different levels of injury severity. Sarly, use of restraint devices was found as
important in making a difference in injury severitjne variable representing the point of impact
in the crash was also found to be important, aedthds of front impact causing severity were
high. Use of alcohol and drugs, personal conditymmder, whether the driver was at fault,
urban/ rural nature, and grade/ curve existentieeatrash location were also found as important
parameters in predicting injury severity. Amongittindings, older males had a higher
probability of generating less severe injuries whmlved in crashes compared to others and
conversely, rural locations and locations with @srer grades had a higher probability of
generating more severe injuries to older drivers.

Abdel-Aty (11) analyzed driver injury-severity levels using thidexed probit modeling
methodology. Three different models were develdpedoadway sections, signalized
intersections, and toll plazas in central Floridasults showed that several factors were common

in all three models such as driver age, gendet Jsduse, vehicle type, point of impact, and



speed ratio. Further results revealed that wher@weeash occurred, older drivers, male drivers,
and those not wearing seat belts had a higher elfansevere injuries. Results from the
roadway section model showed crashes at curvethasd in rural areas were more likely to
cause injuries. In the signalized intersection nhatdevas found that driver violation was
significant and in toll plazas, vehicles equippathwelectronic toll-collection devices had a
propensity for higher injury severity.

Boufous et al(12) carried out a study based on a past finding tblaer people are more
likely to be seriously injured or to die as a résila traffic crash.” Multivariate analysis was
carried out and various factors were found to lependent predictors for injury severity among
older people. In addition, they found that intetgsctconfiguration could explain over half of the
observed variation in injury severity and concludleat intersection treatments might help to
reduce injury severity in crashes.

Khattak et al(13) carried out a study to identify factors contrilpgtito severe injuries
among older drivers involved in traffic crashesa€r data from 1990-1999 in the state of lowa
were used for this study where an older driver iwased. According to their study, older male
drivers experienced more severe injuries when coatp@® older female drivers, and
unprotected older drivers incurred more severaiggurrespective of gender. Further, the model
revealed that crashes occurring on horizontal aiovelevel terrain were more injurious as
compared with crashes occurring at other locatibhe.model also showed that older drivers
under the influence of alcohol experienced moreseinjuries when compared with older
drivers who were not under such influence. Injayels were found to be more severe at higher-
speed-limit roadways and older drivers tended tmbee severely injured if the crash occurred

on a rural road.

2.3 Crash Types and Related Maneuvering Difficulgs
Older drivers’ maneuvering difficulties comparediwyounger drivers were studied by
Chandraratna and Stamatiaglig). Kentucky crash data were used and through theatitre
survey three main types of maneuverings were ifietditas more common among elderly
drivers: left turns against oncoming traffic, gageptance for crossing non-limited-access
highways, and high-speed lane changes on limitedsschighways.



It was found that the risk of an older driver lgginvolved in a left-turn crash
increased after the age of 65, with higher tendenici rural areas. Light conditions were also a
contributing factor for left-turn crashes and feesahad a higher chance of being involved in
left-turn crashes compared to males. However, yeufegnales also had a higher propensity to
be involved in left-turn-related crashes but nohigh as elderly females. Similar results were
obtained for gap acceptance and again, older famedee at a greater risk, but light conditions
were found to be insignificant. Lane changing wlas &éound to be a difficulty among older
drivers. Presence of a passenger in the vehicldoauasl to lower the crash involvement risk,
especially in the case of left-turn crashes.

Mercier et al(15) studied broadside and angle vehicular collisiordsfaund age and
gender as predictors for injury severity on rutighiwvay crashes. Injury severity along with point
of impact, were considered both in angle and bridedsashes. Hierarchical logistic regression
and principal components logistic regression wesetuin different cases based on the impact
point. Their findings varied depending on the pa@himpact and examination of the gender of
the vehicle occupant. Age was found as a signifipaadictor of injury severity and was slightly
greater for females than males. Use of seat bediged to reduce injury severity, but results
were less certain for females.

McKelvey and Stamatiadid6) studied highway accident patterns in Michigan fmohd
that older drivers were more likely to be involvadnulti-vehicle crashes and head-on, angle
crashes on non-interstate highways than other driz&ted violations among older drivers were
found to be failing to yield right of way, illegalrns, and improper lane use. Fatality rates for
older drivers were found to be considerably greadenpared to other drivers, and trends in the
licensing of drivers showed that younger driverd haen replaced by older drivers in the
population, virtually in a one-to-one ratio.

Mercier et al(6) studied the influence of age and gender on ingemerity as a result of
head-on crashes on rural highways. The initial tiygsis was that due to a variety of reasons,
older drivers and passengers would suffer morereamgiries when involved in head-on
collisions. Logistic regression analysis methodglags used and variables included age of both
the driver and passenger, position in the vehaid, form of protection used. Age was identified

as an important factor predicting injury severity both men and women, and use of seat belts
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appeared to be more beneficial for men than for emmneployed air bags were more beneficial

for women than for men.

2.4 Intersection-Related Crashes

Stamatiadis et a(17) studied intersection crashes involving older dsva the state of
Michigan to examine the contributing factors. Adasim the percentage-wise analysis, relative
accident involvement ratio (RAIR) was used to qifpnihe relative exposure. Drivers were
divided into different age groups and comparisoesawnade. Drivers in the age group 60-69
years did not show a large difference in RAIR comagado average drivers, but drivers older
than 69 years showed higher degrees of difficuldesong those, maneuvering turns, especially
left turns, and being involved in rear-end and tighgle crashes were common. Failing to yield
right of way, following too close, and improper éachanging were found to be the most
commonly cited violations for elderly drivers. Etjefemale drivers were found to cause more
crashes than their male counterparts. Furtherast found that elderly drivers were more
susceptible to head-on crashes while turning tedtia angle and rear-end crashes than middle-
aged drivers. Interestingly, they found elderlywdrs’ crash involvement as non-correlated to the
presence of traffic signals.

Braitman et al(18) identified factors leading to older-driver crashémtersections.
Police crash reports, telephone interviews witfaatt drivers, and photographs of intersections
were used in this study. Three driver groups wefendd: 35-54 years, 70-79 years, and above
80 years. Results showed that drivers above 8% yadrmad fewer rear-end crashes than other
age groups. Both older-driver groups had feweratmead type crashes compared to the
middle-aged group. It was found that failure tdgithe right of way increased with age and
occurred mostly at stop-controlled intersectiores)agally where drivers were turning left. The
age group from 70-79 years made more evaluatianseafter seeing the vehicle and were
unable to judge the available gaps, while drivéieva 80 years old failed to see or detect the
other vehicle.

Preusser et a{19) calculated fatal crash involvement risk for olderers relative to
drivers aged 40-49 years in the United States duha years 1994-1995. Results indicated that
drivers aged 65-69 years were 2.26 times moreslafor multiple-vehicle crashes at
intersections and 1.29 times more at risk in deosituations. Comparable figures for drivers
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aged 85 and older were 10.62 for multiple-vehichshes at intersections and 3.74 for all other
situations. Also, the relative crash risk was pattirly high for older drivers at uncontrolled and
stop-controlled locations.

Stamatiadis et a{20) examined the relationship between accidents @rbldirivers and
intersection traffic control devices. The relataecident involvement ratio (RAIR) was used to
guantify the involvement to exposure ratio for eifint age categories of drivers who met with
crashes in the state of Michigan during 1983-19&%o0rding to the results, elderly drivers
experienced more difficulties at all intersectioaas and indicated a higher RAIR than middle-
aged drivers. They also experienced more signifipesblems at multi-phase signalized
intersections. The elderly showed higher RAIR iasties involving turning maneuvers, in
multiphase signals, multi-lane roads, and at mgatls during night conditions. Older drivers
were overrepresented in head-on crashes whilentaft. The predominant violations were
found to be failing to yield the right of way, folwing too closely, and improper turns. The
leading types of crashes were found to be headkole wirning left, and right-angle and rear-
end collisions.

Synthesizing their research findings, the authecemmended that changes to licensing
techniques would be appropriate in improving tHetgeof older drivers, and driver education

and training programs would also help elderly disve identify their limitations.

2.5 Effect of Passengers on Older Drivers’ Safety

Hing et al.(21) carried out a study to evaluate the impact of gragsrs on the safety of
older drivers. In social psychology, it is acceptieak people behave differently in the presence
of spectators and similarly, researchers usedaire philosophy to see whether drivers perform
differently in the presence of passengers. Foursyaefacrash data involving older drivers in the
state of Kentucky were used in this analysis. Biniagistic regression and quasi-induced
exposure analysis methods were used to calculatestitive accident involvement rates
(RAIR). Two age groups were considered: 65-74 yaargounger and over 75 years as older.
Single-vehicle crashes and multi-vehicle crashe® wisaggregated according to the number of
passengers: no passenger, one passenger, and tvaoeopassengers. Sub categories were made
based on driver's gender, occupant’s gender mme of crash, road curvature, road grade, and

number of lanes.
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According to their findings, the presence of twarwre passengers had a negative
impact on the probability for drivers 75 years géar older who were at fault in crashes during
daytime. The trend was different when travelingight, and researchers suggested that it could
be due to passengers who are active during suarsaleonditions and provide additional
support for the driver. Males and females had ffer@ince in their propensity to cause a single-
vehicle crash, but females were more likely to eamsiti-vehicle crashes. Interestingly, they
found that presence or absence of passengers heftenbon the 65-74 year age group, and
groups of male vehicle occupants with an over 7&rs@ld male driver had higher propensity

for single-vehicle crashes.

2.6 Risk to Self and Risk to Others

Several papers were found in regard to the risklired with older drivers to themselves
and to other road users. Findings are discussttusisection.

Dellinger et al(22) carried out a study to assess the risk of deattoifatal injury
drivers older than 65 years posed to themselvesaather road users as compared with drivers
in younger age groups. In their study, they categdrcrash-related deaths and injuries into two
groups: those occurring among the drivers themsebwed among others, such as passengers,
bicyclists, or pedestrians. According to the firginthey suggested that older drivers make
relatively low contributions to crash-related ings or deaths, but their contributions are
generally a result of injuries to self rather tharmthers.

Evans(23) carried out a similar study using 1994-1996 Ur8sk data. According to the
author, older drivers pose less of a threat toretae to driving a lesser number of miles. For
the same distance traveled, the 70-year-old dpgwses a higher threat than the 40-year-old
driver. But in terms of renewing the license ofCaygar-old driver for another year, this poses a
40% less threat to other road users than renewmgdense of a 40-year-old male driver for
another year.

Lafont et al.(24) studied the same issue but used a different metbgg which
considered the lost-life years of all road userscakding to Lafont, previous studies in this area
had not considered the age of other road userg anquite possible that age-related frailty is an
important factor for other road users as it isdovers. Findings were similar to past studies and
older-driver responsibility for lost-life years other road users was the lowest.
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Dulisse, B.(25) examined the degree to which older drivers im@osexcess risk of
death or injury serious enough to require hospigilon of other road users. Results showed that
drivers aged 65-74 years did not appear to imprsess risk of either death or injuries requiring
hospitalization in either the aggregate or indialdievel analyses. But drivers over 75 years

were found to impose excess risk of injuries teotioad users.

2.7 Countermeasure Evaluation

McCoy et al.(26) carried out a study to identify problems assodiatéh older drivers
and to provide countermeasures for improving oltterer safety. The second phase of this
study was to evaluate the countermeasures deveioledir earlier phase. Based on results of
the first phase, identified countermeasures weysipal therapy, perceptual therapy, driver
education, and traffic engineering improvementghBberapies dealt with self-administered,
home-based exercises which can improve physicaements and visual perception. All four
methods were found to improve older drivers’ paerfance significantly. The combined effect of
driver education and physical or perceptual therapy found to improve older-driver
performance, but none of these increases werststatiy significant. Based on the points
assigned for each improvement, an average impraveofi&.9 percent was found among all
four countermeasures. Further, they evaluateddbesaffectiveness of each of these
improvements and found that physical therapy washhst cost-effective method of improving
driver performance, followed by driver educationaffic engineering improvement cost was not
assigned to individuals and therefore remainedlamp sum. They suggested that traffic
engineering improvements would be the most cosietiffe method on high volume roadways

and other countermeasures would be more suitableievolume roadways.

2.8 Medication and Risk of Injury
Older drivers are more likely to consume medicing several medications are known to
impair driving abilities. Leveille et a(27) studied psychoactive medications and injuriousamot
vehicle collisions involving older drivers usingapulation-based, matched-case control study
of older drivers involved in injury crashes durib@97 and 1998. According to their findings,
use of antidepressants and opioid analgesics ley dlivers was associated with increased risk

for injurious motor vehicle collisions; the relagivisk compared to non-users was 2.3 and 1.8,
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respectively. Current use of benzodiazepines aatsgglantihistamines had little association
with increased risk for injurious collisions.

Hemmelgarn et a[28) studied the risk of motor vehicle injuries amoideey and the
association with use of benzodiazepine. It was daimat brief or extended periods of exposure
to long-half-life benzodiazepines were associatéld an increased risk of motor vehicle crash
involvement in the elderly population. The firster days of long-half-life benzodiazepine
exposure was associated with a 45 percent incoddke rate of involvement in injurious
crashes, which reduced as time passed. Howevee, Was no such elevated risk for short-half-
life benzodiazepines.

McGwin et al.(29) carried out a population-based, case-control stodyentify medical
conditions and medications associated with theafsk-fault crashes among older drivers.
Older drivers with heart disease or stroke weradbto be more likely to be involved in at-fault
motor vehicle crashes, and arthritis was foundetai increasing risk factor for females. Use of
some drugs, including benzodiazepine, was fourmktassociated with increased risk of being

an at-fault driver.

2.9 Decision to Stop Driving

D’Ambrosio et al.(30) studied factors contributing to the decision ofiting or stopping
the driving task by elderly drivers. A survey wasred out in Massachusetts, Florida, and
lllinois to collect data, which showed the majoritfysurvey respondents were engaged in
voluntary self-regulative patterns to some degfée. elderly generally preferred to be
approached by individual family members, as oppase¢dose outside the family, when having
conversations about their driving. Based on houskstatus, differences emerged on who
should speak with the older driver, and most oathrlts preferred to hear from their spouse first,
doctors and adult children were also preferredegefor conversation.

Johnson(31) conducted a study to see what factors were indalveural older adults’
decision to stop driving. The study was carriedinuhe western part of the United States. A
guestionnaire and semi-structured interviews weesglun order to gather information related to
their pre-stopped and post-stopped driving situatidnteresting comments were made by older
drivers who had forfeited their driver’s licens&e study found that the majority of the
participants had been involved in some sort ofadant while driving and for most of them
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this experience influenced the decision to stopinlgi. Health problems were also identified as a
key factor in the decision to stop driving. Fee$irgd insecurity about driving made some
participants give up driving and more importanthg study found that influence from family
and friends was a significant factor, though théswot in line with past findings.

Marottoli et al.(32) assessed the factors associated with driving tessaumber of
miles driven, and changes in mileage with the &dmwpulation. A multiple logistic regression
model was developed and individual predictors foridg cessation were found to be: higher
age, lower income, not working, neurological disg@sitaracts, lower physical activity level,
and functional disability. Combined effects of tbéactors were found in relation to the

percentage of drivers who stopped driving.

2.10 Vehicle Design
Similar to other factors, vehicle design is alspamant for older driver safety and
Herriotts(33) studied existing car designs in relation to oldever needs. The study found that
the mainstream motor vehicle industry has larggiypred many of the issues relating to the
older driver, with many current car designs beinguitable for drivers with age-related
disabilities. Herriotts study was based on survata avith the main design-related issues as
follows:
* Finding a comfortable driving position,
* Getting in and out of the car,
* Using the radio,
» Ease of reversing and parking,
* Using the boot or hatch, and
» Ease of wheel changing.
Among the main difficulties, turning around to loolt of the rear window, getting in
and out of the car, and using the seat belt wemawan responses. It was suggested that
considering these findings for fundamental architexof vehicle design would help cater to

older drivers.
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2.11 Statistical Methodologies

To understand the risk factors that increase thbahility of injury severity in crashes,
various disaggregated analysis techniques haveussshby past researchers. These techniques
include logistic regression, ordered logit and jrotbdels, multinomial logit models, and nested
logit models(34).

Indike Ratnayaké€35) carried out an analysis using Kansas crash daisid=ring all
ages who met with a crash during 1999 to 2002. @ddprobit modeling was used to investigate
the critical factors contributing towards higheagin severity in rural/urban highway crashes.
According to the author, most of the contributiagtbrs towards high severity crashes were
common for both rural and urban areas. Among teeareh findings, alcohol involvement,
excessive speed, driver ejection, curved and grembetk, etc. was contributory factors for high-
severity crashes.

Khattak et al(13) also conducted a study using ordered probit mogetinsolate factors
that contribute to more severe injuries to oldévets involved in traffic crashes. Factors related
to vehicle, roadway, driver, crash, and environrakecnditions were considered. They found
that alcohol-related crashes and crashes involamg vehicles were more likely to cause
serious injuries to older drivers.

Duncan et al(36) analyzed injury severity in truck-passenger car-end collisions
using ordered probit modeling. Based on their matiely concluded that darkness, high speeds,
grades, alcohol, and being a female were factoishwhcrease passenger vehicle occupant
severity. Many other researchers have used orgeodut modeling for severity analysis in the
past such as Kockelman and §&8&), Renski et al(38), Kockelman and Kweo(89), O’'Donnell
and Connof40), and Khattak et a(34).
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CHAPTER 3 - Methodology

3.1 Data

3.1.1 Crash Data

Crash data obtained from the Kansas Departmentasfsportation were used in this
study. This data set, Kansas Accident Reportingedy$KARS), comprises all police-reported
crashes in the state of Kansas. For the analysigsrstudy, crash data from years 1997 to 2006
were considered. Different age categories werenddffor the analysis as follows. Age greater
than or equal to 65 years was considered as otfmria@tion, and age between 64 to 25 years
was considered as middle aged. Age below 25 yeasscansidered as younger population but in
the case of younger drivers, age below 15 yearswaBsonsidered in the data set since they
were not a position to hold valid drivers licensel gherefore their behavior could be different
from other young drivers.

The first part of this study focused mainly on itifgimg critical factors and issues where
older drivers were at risk based on past crash daterefore, crash data were analyzed based on
various aspects such as driver, crash, roadwayemavidonment-related factors. For the latter
part of the study, the entire data set was usdddimgy young and middle-aged drivers involved
in crashes.

Both in decomposition ratio analysis and orderabpranalysis, KARS data for the five-
year period from 2002-2006 were used, primarilyearrttie rural/ urban classification. The
classification was done based on the type of raedtuch the crash occurred and if such data
was not available, that particular data line wasedjarded for these analyses. Every older driver
involved in a crash/ crashes during the considpegibd was taken into account with respective
injury severity and other related information. Thsluded single-vehicle crashes as well as
multi-vehicle crashes. Accordingly, there were abti 741 older drivers involved in crashes
during the five-year period, where 14,594 crastuesioed in rural areas and 31,146 occurred in
urban areas.

For the ordered probit analysis, some data linee Weleted where data were missing in
at least in one variable. After doing that, abdu6B6 crashes involving older drivers on rural
roads and 27,480 on urban roads remained for asalys
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3.1.2 Survey Data

It may not be advisable to arrive at conclusionsuglolder drivers solely depending on
crash data, since those characteristics are linkgdwith a special segment of older drivers who
met with crashes. In other words, there are madgradrivers who haven’t met with crashes
during the last few years and their representa@amobserved in such analysis. However, their
characteristics should also be taken into consiberéo make fair conclusions about older-
driver characteristics in Kansas. A questionnaias wrepared with the intention of addressing
issues and difficulties highlighted in the basiasir data analysis. Thus the survey was carried
out to understand different behavioral changedderadrivers with respect to driving under
various circumstances. The survey form consistdivefmain areas: general, demographic,
exposure-related, challenging situation, and difficlevel-related questions. The objective of
this survey was to obtain information from oldeivdrs irrespective of being involved in a crash,
in order to get a general idea about their behaeixposure, and different types of difficulties
associated with them.

As the first step, a pilot survey was conductedhwitea Transportation Agency (ATA)
bus drivers in Manhattan, Kansas. This pilot sumweg carried out to make sure that these
guestions were answered as meant to be answeraddesthiere was a chance to misunderstand
some questions due to traffic terminologies theegampublic may not be familiar with.
According to the feedback, few changes were maddlasurvey questionnaire was finalized.
(The finalized survey form is given in Appendix-C.)

Conducting a survey among the older populationavalsallenging task because they
were scattered and their expectations and attittodesrds participating in an older-driver safety
survey was unknown. Identifying elderly people vduorently drive made the situation harder.
From the pilot survey, it was found that an averalger driver would take 15 to 20 minutes to
fill out a survey form, which might also be a conmteéA good study of this nature requires a
reasonable number of survey responses distribbteddhout the state to overcome any sort of
biases or misrepresentations. After studying adit@rnative methods, it was found that senior
centers and apartments in retirement communitiedduoe the best place to conduct the survey.
Most of these residents are older than 65 yearkingdt possible to complete a sufficient
number of surveys in an effective manner. Furtit@vas not that difficult to identify a good

number of elderly who still drive as well. The mathof conducting the survey was by
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personally visiting such places and getting hetprfiproperty managers for distribution. The
survey forms were kept in a mail-back envelope akent easier for participants to return them.
Initially, the survey was carried out in Manhattard Lawrence, covering most of the retirement
centers, assisted-living apartments, and senidecenmfter doing this, it was realized that those
living in these communities may not represent adgaend of the entire older-driver population
and therefore, two more alternatives were consiiereliminate possible biases. The first
method was to distribute them in churches and é&x¢ option was to distribute them in gas
stations. These two methods were initially tried/lanhattan and Lawrence. It was found that
using churches worked well and the response rasehgh, but there was a difficulty associated
with targeting people older than 65 years. Sureesng distributed in gas stations didn’t turn out
as expected and the response rate was much lesdly At was decided to go ahead with both
senior centers and churches in various parts os&srand the survey was carried out in
Manhattan, Lawrence, Topeka, Sabetha, Marysviltelde City, Garden City, and Wichita.

Figure 3.1 depicts the geographical distributiothef places where the survey was conducted.
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Figure 3.1 Cities in Kansas Were the Older-Driver Survey Was Conducted

From all locations, a total of 311 completed surf@yns was received and the response
rate for this survey was around 32 percent. O®tdf survey forms received, 27 respondents
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were younger than 65 years and therefore ignored result, 284 survey responses were

retained for the analysis.

3.1.3 Exposure Data

National Household Travel Survey (NHTS) data frdd@2 was usel) as the source
of exposure since this was the latest and mosthielinformation available for this purpose.,
Annual miles driven by older drivers under urbamat classification were extracted for Kansas
using NHTS data, which was then subcategorizedrnutitferent age groups and gender. In this
case, the sample size became too small for acaaptas the next best alternative, the entire
U.S. data and Midwest data were considered un@esame classifications. After a close
examination, it was found that Midwest data bett@resented the Kansas conditions due to the
similar nature of urban/ rural miles traveled. Tielwest consisted of 12 states, namely
lllinois, Indiana, lowa, Kansas, Michigan, MinnegsoMissouri, Nebraska, North Dakota, Ohio,
South Dakota, and Wisconsin. However, there watsavel data available in NHTS for three of
the states: Nebraska, North Dakota, and South Bakod therefore only nine states’ data were
combined in this study. When obtaining exposura,daie sample was subdivided based on age
and gender, and miles driven by a single pers@aah category was estimated by dividing the
total number of miles driven by sample size (Appe+id).

Kansas driver’s license data were also obtainen ttee Federal Highway
Administration’s (FHWA) highway statistics datab#42) for years 2002-2006. Older drivers
were subcategorized under different age groupsideresl in this study and also based on
gender. Furthermore, they were considered in uabarural categories based on population-
distribution percentages extracted from the Kastasstical Abstract 200#3). The reasoning
behind the population-based subdiviswasthat NHTS data were based on location of the
household, assuming that most of their travel milese around their neighborhood and
therefore the same approach was taken to identifyber of drivers that live in urban and rural
areas. Then, number of drivers in each categosymudtiplied by the corresponding number of
miles driven by a single person in that categosycalculated earlier, to arrive at total miles
driven for each category (Appendix-E).
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3.2 Data Analysis

Even though older-driver-related crashes were esipbd and their categorical
distributions presented, it is not advisable to end&cisions or develop conclusions about over
involvement solely based on older-driver informati@hese significant numbers, after all, may
show a common problem pertaining to all driverg thay not be specific to older drivers. In that
regard, a comparison between other age groups vibeufdore appropriate in identifying
problems and issues limited to older drivers. Tfogee similar characteristics were identified for
young and middle-aged drivers. In order to see drahere was a relationship between age
groups and other categories under driver, crasidway, and environment-related factors,
statistical tests of independence were carried out.

These tests were carried out based on number gtiesabccurring under different
categories with no consideration given to injuryesgy. However, from a safety perspective,
injury severity also plays a vital role in addititmthe number of crashes. For example, more
crashes with less severity may not be that crissatompared to fewer crashes with higher
injury severity. As a result, following the testioflependence study, a univariate analysis was
also carried out by assigning different weightsdifferent severity levels.

For the analysis of the survey responses, simpleeptage calculations followed by
weighted frequency calculations were completecdadition, for more specific analysis, the
odds-ratio method was used, which is an output fileerbinary logistic regression. The method
is presented in detail in Section 3.2.3.

Based on these preliminary analyses mentionedastfaund that rural crashes involving
older drivers were more severe than urban cradlesefore, the next step focused on rural road
crashes in comparison with urban road crashesthlobjective to identify contributing factors
leading to increase injury severity. First, thealaposition method was selected, which is
discussed in detail in Section 3.2.4. This is dyfaiew methodology which has recently been
introduced into transportation studies. It has hesd by many health economists in the past to
assess the relative importance of many risk fadéading to health expensg@gl). Recent
transportation studies have used this methodologletompose values into different rates to
identify different contribution factorgH, 45).

The decomposition method was selected for thisgidhe study because it decomposes
the rates into contributing factors, which fits ethawith the study objectives. Additionally, both
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severity and crashes were taken into consideratitims method, which enriched the study
objective by addressing different trends associafigu severity levels and crashes. Past findings
have revealed many factors contributing to oldévedtrcrashes and severities but not specifically
related to rural areas or the state of Kansas.eftwe, factors for detailed study were carefully
selected by looking at preliminary crash data asis)ysurvey results, and past studies.
Following the decomposition method, the orderedpnmethodology was utilized as
explained in Section 3.2.5. In the analysis conellicising decomposition ratios as described in
Section 4.3.1, the contributing factors were comi®d alone and their effect towards the crash/
injury severity was determined. In other words, gagable at a time was considered to see the
relationship or how much it affects crash/ injueysrity. However, in the analysis using ordered
probit modeling, the objective was to incorpordtevariables into a single formula to see the
multiple or combined effects of such variables tahiajury severity. Variables were developed

under four different categories: driver, crashdway, and environment related.

3.2.1 Test of Independence

This method tests the independence of two varialdesy chi-square distribution. A
table similar to 3.1 is referred to as a contingetable. As the test of independence uses the
contingency table format, it is sometimes refetmeds contingency table test. Let X and Y
denote two categorical variables, X havimgumber of levels and Y havinghumber of levels.
Theij possible combinations of outcomes could be displaiyea rectangular table havingows
for the categories of X arjccolumns for the categories of Y. As an exampld,able 3.1, the
categorical variable X denotes the gender of a taofrivers and Y denotes their vehicle

preferences.

Table 3.1 Example Contingency Table for Gender anWehicle Type

Vehicle Type (Y)

Gender (X) Car Truck Suv Total
Male n;=120 n»=250 ns=270 n.=640
Female ny;=200 =100 =225 n.=525
Total n.;=320 n,=350 ns=495 n=1,165
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The cells of the table represent thpossible outcomes. Singe2 andj=3 in this case,
there are six possible outcomes.
The cell counts are denoted by with n=%; n; denoting the total sample size.
Ni+= M+ M2 and /1= mp+
The test of independence addresses the questishather the vehicle type preference is
independent of gender. The hypotheses for thifaatiependence are as follows:
Ho: Vehicle type preference is “independent” fronvines gender; and
Ha: Vehicle type preference is “not independent” frbisyher gender
where H is the null hypothesis and, i the alternative hypothesis.
Expected frequencies for the cells of the conticgdable are calculated based on the
assumption that the null hypothesis is true. Letenote the expected frequency for the
contingency table category in ravand columr).

Then, expected frequencies are calculated as

_ (Row i total )x (Column j total )
€j = ; (3.1
Sample size

(ni + )X (n+ j )
(n)

The test procedure for comparing observed freqesramd expected frequencies uses the

following formula and a chi-square value is caltedh

Xz = z z (nij B eu' )2 (3'2)

1j

With i rows and columns in the contingency table, the test statigts a chi-square
distribution with {-1)*(j-1) degrees of freedom. Once the chi-square valoalcsilated for the
data, it can be compared with the tabular valueseat-defined confidence levels.

For the example in Table 3.1, the value of thegsistic isy’= 77.783. At a 95%
confidence level, the value shown in the tableviar degrees of freedom is 5.991. Since the
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calculated,® > the table value, the null hypothesis is rejeeted it can be concluded that vehicle
type preference is not independent from his/hedgen

According to this methodology, the test of indepsamzk was carried out for all categories
of crashes and different driver groups. In Sectidnl, results of calculated chi-square values for

different categories along with their respectivgrees of freedom were presented.

3.2.2 Univariate Analysis
This test was carried out to compare different nearerity values obtained for different

categories considered under the test of indepeed@&ssigning weights to individual severity
levels in order to calculate “equivalent propergyrthge only” (EPDO) crashes was the most
important and challenging step in this processiodarorganizations use different sets of
weights based mostly on economic impact of crasbargg, which may vary depending on the
purpose of its application. For this analysis, siyéndices were obtained from KDOT, which
were as followg46):

» Fatal injury (F), Incapacitating (Disabled-D), addn-incapacitating (Injury-1) - 15

» Possible injury (P), No injury (N), and Unknown (W)

Number of EPDO Crashes =W, * (F + D + 1) +W, * (P + N +U) (3.3)
where

W; = weight to convert fatal, incapacitating, and #ocapacitating crashes into EPDO
crashes; and

W, = weight to convert possible injury, no injury,damnknown crashes into EPDO
crashes.

After assigning injury-severity indexes for all shees, a mearng) severity index and
variance o) were calculated. Further, in each category uddésrent conditions, the mean
injury severity (1) and varianced() were also calculated. The Z t¢47) was used to calculate
the difference between two means and following, tthet calculated Z value was compared with
the tabular value at a 95% significance level.

7= Hi"Ho (3.4)
1 1

S, | =+
P n N
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s = |(n-1)s"+(n, -8’ (35)
’ n+n -2

where
n; = number of crashes in selected category,
no = total number crashes,
S, = pooled standard deviation,
S = standard deviation for the selected categorg, an

S = standard deviation for all crashes.

3.2.3 Odds Ratio

Logistic regression was used to calculate oddesd®R) and 95% confidence intervals
(CI) to assess the strength of the associationdmtwndependent variables and dependent
variables.

The dependent variable considered here has twab@ssitcomes, 0 and 1,
corresponding to “yes” if the event occurred and™h the event did not occurred. Therefore
binary logistic regression is considered in thialgsis. The odds in favor of an event occurring
is defined as the probability that the event waicor divided by the probability that the event
will not occur. In logistic regression, the evehirderest is alwayyg =1. Given a particular set of

values for the independent variables, the oddavorfofy =1 can be calculated as follos):

P = 1{Xq, X5 .., X
Odds = (y X1 %2 p) (3.6)
P(y = 0‘x1, X0 yueny xp)
where
P(y =1 x,,%,,. X = probability of event occurring, and
P (y = 0 | X,, X, Xn) = probability of event not occurring.

The odds ratio measures the impact on the oddepéainit increase in only one of the

independent variables. The odds ratio looks abtits thaly =1 given that one of the
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independent variables is increased by one unitgdddivided by the odds thgt=1 given no
change in the value of the independent variablédsn

odds | (3.7)
odds

This statistical method was used to analyze sutatg mainly in relation to respondents

odds ratio =

who mentioned that they met with crashes durinddbel0 years. Odds ratios and relevant
confidence intervals at 95% were calculated foroter conditions and are presented in the
Section 4.2.3.

3.2.4 Decomposition Method

The decomposition ratio methodology is a fairly gientool to identify the factors
associated with fatal motor vehicle crashes. Equadi8 shows the fatal crash incidence density
rate, which is a product of three factors: injuatality rate, crash injury rate, and crash incigenc
density. Thus the risk of being involved in a fatedsh (A) is the product of the risk of dying
when a crash involving injury occurs (B), the redkinjury given a crash (C), and the risk of

crash per miles driven (D).

Fatal crash _ Injury fatality y Crashinjury y Crashincidence
incidencedensity (A) B rate(B) rate(C) density (D)

(3.8)
where

Numbeiof fatalcrashes
Numbeiof vehiclemilestraveledin 100million miles)

FatakrashncidencelensityA) =

Numbeiof fatalcrashes
Numbeiof injurycrashe@n1000injurycrashes)

Injuryfatalityrate(B) =

Numbeof injurycrashes

CrashnjuryratgC)= ,
Numbenpf allcrashefn1000crashes

Numberof all crashes

Crashncidencalensity(D) = - - — -
Numberof vehiclemilestraveledinmillionmiles)

Rural-to-urban fatal crash incidence densities werapared as a ratio given below.
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B C D
Avural — —rural , ~rural  “rural (3.9)
A\eran Burban Curban Durban

3.2.5 Ordered Probit Modeling

The ordered probit model has the ability to recegrihe indexed nature of various
response variablg89). A variable can be considered as ordinal wheoatsgories can be
ranked from low to high, where the distance betwadjacent categories are unkno#8).

Injury severity in motor vehicle crashes can alsmldered as fatal injury, disabling or
incapacitating injury, non-incapacitating injuryggsible injury, or no injury ranging from the
highest severity level to the lowest accordingi® severity of injuries caused to occupants.
According to Long49), simply because the values of a variable can thered, does not imply
that the variable should be analyzed as ordinaliithis study, the response variable, injury
severity, can be analyzed as ordinal becausealityreinjury severity follows the order when a
crash occurs. Further, Long has discussed thecayity of ordered logit and probit models in
detail in his publicatior(49).

The ordered probit model can be derived from a oreasent model in which a latent
variable y* ranging fromoee to o is mapped to an observed ordinal variable y, ingaverity in
this cas€49). The latent variable y* is continuous, unobsereabhd used to derive the
measurement model as follows:

yi=m if ry<y*<r, form=1toJ (3.10)

Thert's are called thresholds or cutoff points. The exte categorie andJ are defined

by open-ended intervals with= -0 andt; = . The observed y is related to y*, according to the

measurement model:

1 - Noinjury if rg=—0<y*<rpy
2 - Possible if sy <r,
y; =43 - Non -incapacitating if 7, <y*r, (3.11)
4 - Incapacitating if r3<sy*<14
5 - Fatal if 74<y*<r1g5=00

The structural form for the ordered probit modethaAbinary response can be considered
as

yi =X B+¢ (3.12)
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X; is a row vector with a 1 in the first column for tmedrcept and th&" observation for
Xk In columnk+1. B is a column vector of structural coefficients witie first elements being the
interceptBo ande; is the error term.

In order to estimate the regression of y*»oas in binary regression modeling, the
maximum likelihood (ML) estimation can be used wathassumption. In ordered probit
modeling, the error term is assumed to be distributed normally with a mefahand variance
of 1, and the respective probability density fuost(pdf) and cumulative distribution function
(cdf) are as follows:

de)= iex;{—g—zj (3.13)

®(e) = T %exr{—%}dt (3.14)

Once the distribution of the error is specified grobabilities of observing values of y
givenx can be computed. For example, if the injury seyef an older driver, whose victim of a
motor vehicle crash is fatal, the y value is 5 ghéhlls betweent, andts = «. Accordingly, the

probability formula will be
Pr(yi =5|x ) = Pr(ro <y < Iy | xi) (3.15)
By substituting equations 3.12 and 3.14, the exgpoeshbecomes
Pry; = 5 X )= 0(rs - % 8) - ®(r, - X B) (3.16)
By generalizing the equation to compute the prdhiglaf any observed outcome y = m

givenx, it becomes
Prly, = m % )= (0~ % B)~ Ot~ %) (3.17)
Let B be the vector with parameters from the structonadlel, with the intercegio in the
first row, and let be the vector containing the threshold paramelsgtiser3o ort; is

constrained to O to identify the model. In thislges, the SAS version of 9.1 was used, which

considered the; value as equal to O.
Prly; = m x5, r)= 0t = %8) - Pt s~ %5) (3.18)

If the observations are independent, the likeliheqdation is
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N

L(,B,r| Y, X): r! o (3.19)
=
By combining equations 3.18 and 3.19,
L(B.7]y,X) 1 |‘| oz, - x8)-olr ., -x8) (3.20)
=lyi=]
IT y;=j indicates multiplying in each case where y iseived to equal j. Using logs, the
log likelihood is
inL(g.7]y, X Zln[¢(r -%8)- 0l - 5) (3.21)

]—1y|
Using numerical methods, the equation can be maeithio findt’s andp’s. The
marginal effect fronx factors can be considered by computing the patiahges in the
eqguation in order to interpret the regression mdagltaking the partial derivative with respect

to X« in equation 3.18, the result becomes

Py =mx) _ o0y, ~x8) 9P(rpq - x8)
ox,  0x % (3.22)

= B [(O(Tm - Xﬁ) - (U(Tm—l - X,B)]

The partial change or marginal effect is the slopthe curve relatingy to Pr(y=m|x),
holding all other variables constant, and is usuadimputed at the mean values of all variables.

According to the ordered regression model equaasplanatory variables are linearly
related to the response variables and thus hairecerasing effect on injury severity if the
variable estimate has a positive value and viceastar variable estimates with negative values.

Model output under selected categories is as falow

3.2.5.1 Goodness of Fit Measure

In linear regression models, the goodness of fisisally measured by the Ralue
whereas there is no such straightforward measueeaiuate model fithess of ordered probit
models. McFadden (1974) suggested using a liketirato index (LRI) that is analogous to the

R? in the linear regression model
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R?v =1-[InL/(inL,)] (3.23)
where
L = the value of the maximum likelihood functiondan
Lo = likelihood function when regression coefficierggcept for the intercept term, are zero
(50).

The Ry value is bounded by zero and one, where one depetéect fit of the model.
Similarly, a few other values are given in the SABput such as Estrella, Adjusted Estrella,
Veall-Zimmermann, and McKelvey-Zovoina, which cdsoabe considered in evaluating
goodness of fit of a model.

In regression modeling, significance of individparameters towards the model is
important and overall goodness of fit also playstal role in that aspect. In SAS output for an
ordered probit model, number of goodness of fit sneaments was given because unlike other
regression modeling, there is no such single vatiieh can determine the model fithess
consistently. As a result, various values givetenms of probabilities were considered when
selecting models, and out of that, McFadden’s LBR$ wonsidered in this study. Similarly, the
Estrella value is also desirable in discrete chaiceleling.
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CHAPTER 4 - Results and Discussion

4.1 Characteristics of Older Drivers Involved in Crashes and Comparison
with Young and Middle-Aged Drivers

In this study, the objective was to identify theudcteristics of older drivers involved in
crashes, but considering older drivers alone waoldhighlight the special characteristics among
older drivers. Therefore, it was vital to condaaomparison with other driver age groups.
Thus, characteristic analysis was done includihdraters—young, middle-aged, and older,
who had been involved in crashes during the pe2@@® to 2006 in Kansas, presented in Table
4.1. Relationships between different crash categand driver age groups were also identified
using the test of independence as explained im#tbodology section. The calculated chi-
square values, degree of freedom values, and piibiestat 95% confidence level are also
presented in Table 4.1 under each sub category.

4.1.1 Characteristics of Older DriversInvolved in Crashes

There were 43,290 police-reported crashes involdm@g41 older drivers in Kansas
during the five-year period. A majority of the otd¥ivers belonged to the 65-74 years age
category and 36.4% were in the 75-84 years agepgwhile the remainders were above 84
years. Injury statistics show that a significantceatage of older drivers were not injured,;
however, 276 older drivers were killed during thiate period. A small percentage, 1.3% of
older drivers, was disabled as a result of craahds5.2% sustained non-incapacitating injuries.
There was a 6.8% chance of possible injuries anotawey drivers, with the remaining number
unknown. Gender distribution of older drivers inved in crashes showed that male drivers were
more involved in crashes than female drivers. Oedpat, older-driver license data indicated
that there were more older female driver licendddrs than maleg!2) (Appendix-E). Possibly
there could be exposure-related factors such asrdriven, which may explain the situation.
Further, there weren’t that many older drivers urnte influence of alcohol at the time of
crashes.

Most of the crashes involved collisions with otkiehicles and this is further broken
down by the manner of collision. Results showe&®8d® vehicles collided with animals and

6.5% of vehicles struck an object. A majority oésle crashes occurred during daytime, perhaps
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because older drivers mostly prefer to drive dudagtime. Nighttime crashes comprised 7.3%

and 6.7% of crashes on dark and lighted streetpertively. About 87.8% of the crashes took

place under no adverse weather conditions and 8&@4rred in rainy conditions. Only 2.5% of

them occurred in snow and windy weather conditions.

Table 4.1Characteristics of Crashes Involving Young, MiddleAged and Older Drivers in

Kansas, 2002-2006

Descrioti Young Middle Aged Older

escription Total
Number % Number % Number %

Number of crashes 154,313 35.3% 250,640 55|9%  03,29.7%| 448,243

Number of drivers involved in crasheg 180,016 32/4%28,729 59.39 45,741  8.2%554,486

Injury severity

F- Fatal injury 415 0.29 916 0.3% 276 0.6%| 1,607

D- Disabled-incapacitating 1,828 1.0po 3,803 1.2% 578 1.3%| 6,209

I- Injury-not incapacitating 12,816 7.1% 18,847 5.7% 2,827 6.2%| 34,490

P- Possible injury 13,138 7.3% 23,714 7.2% 3,121 6.8%| 39,973

N- Not injured 143,391 79.7% 266,855 81.2%  36,599.0% | 446,845

U- Unknown 8,428 4.7% 14,594 449% 2,340 5.1%| 25,362

Total 180,016 1009 328,729 1000 45,741 10p% 554}486
Chi-sguare value= 661.7 DF= 10 p<0.001

Gender

Male 99,434 55.2% 189,414 57.66 26,396 57[7%d5,244

Female 80,538 44.7% 139,226 42.4% 19,324 42.2289,088

Total 179,972 1009 328,640 1000 45,720 10p% 554332
Chi-sguare value= 285.1 DF=2 p<0.001

Alcohol influence

Yes 6,700 3.7%| 9,535 2.9% 272  0.6%| 16,507

No 173,316 96.3% 319,194 97.10%6 45,469 9914%37,981

Total 180,016 1009 328,729 1000 45,741 10p% 554}486
Chi-square value= 1,251.2 DF=2 p<0.001

Major crash types

Vehicle overturned 6,742 4.4% 7,657 3.1% 510 1.2%| 14,909

Collision with vehicle in traffic 104,996 68.0%0 16928 65.0%| 33,333 77.0%301,227

Collision with parked vehicle 6,610 4.3%% 8,970 3.6%| 2,113 4.9%| 17,693

Collision with animal 9,692 6.3% 37,111 14.8% 3,851 8.99% 50,654

Struck an object 23,460 15.2p6 28,346 11.8% 2,8165%4. 54,622

Other 2,813 1.89 5,658 2.3% 667 1.5%| 9,138

Total 154,313 1009 250,640 1000 43,290 10p% 448243
Chi-squarevalue=11,195.6 DF=10 p<0.001

Lighting condition

Daylight 103,122 66.8% 168,968 67.4% 35,548 82{1%07,638

Dawn or dusk 6,812 4.4% 14,503 5.899 1,612 3.7%| 22,927

Dark 17,905 11.69 31,558 12.6pb 3,148  7.3%b2,611

Lighted 26,109 16.99 35,020 14.0P%6 2,885 6.f%64,014

Total 153,948 99.899 250,049 90.806 43,193 99.p% 447|190
Chi-square value= 5,227.5 DF=6 p<0.001
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Table 4.1 continued

Description Young Middle Aged Older Total

Number % Number % Number %

Urban / Rural split

Urban 108,498 70.3% 165,969 66.4% 29,357 67/8%063,825

Rural 45,815 29.79 84,671 33.8%6 13,933 32[2%14,420

Total 154,313 1009 250,640 1000 43,290 10p% 448243
Chi-square value= 732.4 DF=2 p<0.001

Road classification

Interstate and Freeways 16,989 11.p% 36,358 14.5% ,5783 8.3%| 41,139

Arterials 77,633 50.3% 130,503 52.1% 25,441 58]829,363

Collectors 22,931 14.9% 36,957 14.1% 5,839 13(5%5,727

Local roads 36,760 23.81/0 46,822 18.7% 8,432 195%2,014

Total 154,313 1009 250,640 1009 43,290 10D0% 448243
Chi-sguare value= 3,427.2 DF=6 p<0.001

Weather condition

No adverse conditions 129,510 83.9% 211,162 84.2%8,023 87.8% 378,693

Rain 16,231 10.59 24,233 9.7p6 3,593 8.3%| 44,057

Snow and wind 5,890 3.8% 10,255 41% 1,095 2.5% 17,240

Other 2,682 1.79 4,990 2.0% 581 1.3%| 8,253

Total 154,313 1009 250,640 1009 43,290 10D0% 448243
Chi-sguare value= 581.5 DF=6 p<0.001

Location

Non intersection 62,019 40.2% 112,359 448%  15,738.4%| 190,152

Intersection 65,001 42.1% 95,932 38.3% 20,586 47.681,519

Other 27,293 17.7% 42,349 16.9% 6,930 16{0%6,572

Total 154,313 1009 250,640 1000 43,290 10p% 448243
Chi-sguarevalue=1,894.83 DF=4 p<0.001

Vehicle maneuvering

Straight following the road 107,672 59.8% 191,649 8.3%| 25,167 55.0% 324,488

Left turn 19,118 10.69 26,107 790 6,423 14.0% 51,648

Stopped in traffic 10,831 6.0% 30,946 9.4% 2,791 6.1%| 44,568

Backing 4,660 2.6% 10,224 3.1% 2,433 5.3%| 17,317

Right turn 5,890 3.3% 10,088 3.1% 1,952 4.3%| 17,930

Slowing or stopping 9,723 5.4% 20,122 6.1% 1,821 4.0%| 31,666

Other 22,122 12.3% 39,593 12.0% 5,154 11{39%6,869

Total 180,016 1009 328,729 1009 45,741 100% 5541486
Chi-sguare value= 5593.6 DF=12 p<0.001

Manner of collision

Angle 46,191 29.99 68,560 27.4p0 17,556 40,6%32,307

Rear end 43,114 27.9% 66,284 26.4% 9,388 21{.7p%8,786

Sideswipe 9,267 6.0% 16,235 6.59%9 3,554 8.2%| 29,056

Other 6,424 4.2% 11,819 4.7% 2,835 6.5% 21,078

Total 104,996 68.09 162,898 65.0pp 33,333 77.p% 301|227

Chi-square value=2,280.8

DF=6

p<0.001

Even though the public urban road miles represss than 10% of total public road

miles in Kansas (42), the percentage of crashasroeg on urban roads was much higher

compared to crashes occurring on rural roads. Basedad classification, it is evident that

34



58.8% of crashes took place on arterials, wherahsl®.5% were at local roads. Number and
percentage of crashes related to intersections greeger than crashes at non-intersection
locations, indicating critical older-driver safesgues at intersections. When vehicle
maneuvering was considered at the point of thehcasajority (55%) occurred when vehicles
were following the road straight and 14.0% werates to left turns. The rest of the crashes
represented stopped in traffic, backing, right-ttetated crashes, etc. Out of the crashes that
involved collisions with another vehicle, 40.6% weamngle crashes and 21.7% were rear-end
collisions. Sideswipe collisions were 8.2% accogdim the table, and other types of collisions
added up to 6.5%.

4.1.1.1 Severity of Older-Driver-1nvolved Crashes

When identifying characteristics, it is importaatdonsider the number of crashes
occurring as well as severity of crashes. Thisisabise there could be situations where higher
injury severities are incorporated with lesser namdif crashes occurring and vice versa. Table
4.2 presents the mean injury severity values caledlfor each sub category using univariate
analysis explained in Section 3.2.2. If the sulegaty is crash related, the respecfiyeralue is
2.1672, and if it is driver related, the value is taken as 2.1266. These are the meansvalue
calculated considering total number of crashescdaher drivers, respectively. But for the
manner of collision, thgp value is considered as the mean value of “coltisiwith vehicles in
traffic” (2.0912). In the real world, “manner oflision” explains the categories under multi-
vehicle crashes. Bold values highlight the morese cases with their respective probability
values from the Z test.

Injury severities are higher among older driver&whkehicles are overturned and when
they strike an object. However, in both cases timalyer of crashes occurring was less than
compared to other sub categories considered iartalysis. There is no such difference to be
identified with respect to injury severity undeffdrent lighting conditions, whereas under road
classification, most of the rural road crashes wel&ed to high-severity injuries. In urban
areas, only freeways showed significant deviafidns is an interesting point to note and it
further encourages studying the factors contrilgutcnsuch circumstances. Intersection crashes
were more severe as well as number of crashesrougwas also high. Similarly, roadside
crashes were also more severe but number of crashasing was only 2.1% out of total

crashes.
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Table 4.2Injury Severity of Older-Driver-Involved Crashes, 2002-2006

Description Value % Meag Injur.y Variance P
everity Value
Number of crashes involving an older dri 43,29( - 2.167: 14.978: -
Number of older drives involved in crashe 45,74 - 2.126¢ 14.504. -
Gender
Male 26,39¢ | 57.7% 2.0947 14.128:| 0.276:
Femalt 19,32¢ | 42.2% 2.171¢ 15.029:| 0.171:
Major crash type
Collision with vehicle in traffi 33,337 | 77.0% 2.091: 14.086: | 0.006:
Collision with anime 3,851 | 8.9% 1.221¢ 3.056: | 0.000(
Struck an obje: 2,81€ | 6.5% 4.102: 33.819° | 0.000(
Collision with parked vehicl 2,117 | 4.9% 1.437: 5.9337 | 0.000(
Vehicle oveturnec 51C| 1.2% 6.902( 47.888. | 0.000(
Lighting condition
Daylight 35,54¢ | 82.1% 2.194¢ 15.301:| 0.319°
Dark- No street light 3,14¢ | 7.3% 2.080" 13.966. | 0.224¢
Dark- Street lights o 2,885 | 6.7% 2.023¢ 13.291(| 0.053:
Dawn or dus 1,612 | 3.7% 1.998¢ 12.993.| 0.085:
Road classification
Urban 29,357 | 67.8% 1.909¢ 11.905:| 0.000(
Interstat 1,437 | 3.3% 1.808¢ 10.674« | 0.000¢
Freewa 1,147 | 2.6% 2.550: 19.315¢| 0.001(
Arterials 19,44¢ | 44.9% 1.947: 12.367:| 0.000(
Collectors 2,285 | 5.3% 1.747¢ 9.910< | 0.000(
Local street 5,042 | 11.6% 1.719: 9.552¢ | 0.000(
Rural 13,93: | 32.2% 2.710: 21.019:| 0.000(
Interstat 994 | 2.3% 3.112% 25.139: | 0.000(
Arterials 5,99t | 13.8% 3.050¢ 24,505 | 0.000(
Collectors 3,55¢| 8.2% 2.646¢ 20.346¢ | 0.000(
Local street 3,39( | 7.8% 2.057: 13.687' | 0.109¢
Weather condition
No adverse conditic 38,02 | 87.8% 2.168¢ 14.992: | 0.964¢
Rair 3,59: | 8.3% 2.067¢ 13.810¢ | 0.137:
Snow and win 1,098 | 2.5% 2.155¢ 14.861(| 0.923:
Location
Non intersectio 15,77¢ | 36.4% 1.979¢ 12.758! | 0.000(
Intersectiol relatec 20,58¢ | 47.6% 2.256¢ 16.016: | 0.006¢
Parking lot driveway acce 4,31¢ | 10.0% 1.804¢ 10.622: | 0.000(
Interchange are 1,531 | 3.5% 2.042¢ 13.516! | 0.214¢
Roadside, off roaday 89t | 2.1% 4.895( 39.402¢ | 0.000(
Vehicle maneuvering
Straight following the roc 25,167 | 55.0% 2.369¢ 17.299( | 0.000(
Left turn 6,427 | 14.0% 2.225( 15.651' | 0.053¢
Stopped in traffi 2,791 6.1% 1.576¢ 7.746( | 0.000(
Backing 2,437 | 5.3% 1.103¢ 1.439¢| 0.000(
Right turr 1,952 | 4.3% 1.466: 6.312%F | 0.000(
Slowing or stoppin 1,821 | 4.0% 1.745; 9.8897 | 0.000(
Changing lane 1,271 | 2.8% 1.407¢ 5.544( | 0.000(
Stopped awaiting tu 1,248 | 2.7% 1.560¢ 7.544( | 0.000(
Manner of collision
Angle 17,55¢ | 52.7% 2.3221 16.762: | 0.000(
Rear en 9,38¢ | 28.2% 1.875¢ 11.490: | 0.000(
Sideswipe 3,652 | 10.7% 1.551¢ 7.418¢ | 0.320¢
Backed it 1,891 | 5.7% 1.088¢ 1.2365 | 0.000(
Head ol 74C | 2.2% 4.594¢ 37.453¢(| 0.000(
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When looking at vehicle maneuvering at the timéhefcrash, most severe crashes
occurred when older drivers were following a stnaigpad. When looking at the manner of

collision, head-on crashes were more severe folidwyeangle crashes.

4.1.2 Comparison of Characteristics between Different Driver Age Groups

When considering the location of crashes involdifterent driver age groups, there was
a considerable difference in the trends when com@anree age groups over the past five years,
2002-2006. Figure 4.1 depicts trends related tstclacations. The trends clearly show there are
problems pertaining to older drivers at intersewias compared to other age groups, since the
percentage of intersection-related crashes ardyriHafo higher for older drivers than middle-
aged and younger drivers. On the other hand, @ldeer involvement in non-intersection
crashes is low compared to both middle-aged andg@udrivers. The overall difference

between older drivers and younger drivers is ardl0% in this case as well.
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Figure 4.1 Crashes Involving Different Age Groups Bsed on Location
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It is important to note that middle-aged driversdnhigher percentages of non-
intersection crashes, as compared to other gr@gih.in interchange and off-road crashes,
older drivers’ representation is at the lowest l@ameong the three age groups. Overall, when
trends are considered, younger and middle-ageeérdriollowed exactly the same trend and
older drivers also showed the same pattern, withnfienor variations.

Crashes occurring under different light conditibiasl a high chi-square value (Table
4.1), indicating that a higher level of interdependy between driver age groups and different
lighting conditions at the time crashes occurrdte Tollowing charts in Figure 4.2 depict the

major trends observed.
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Figure 4.2 Crashes Involving Different Age Groups Bsed on Light Conditions

Older-driver-involved crashes were considerabljhhigdaylight conditions compared to
younger and middle-aged drivers. An average peagendifference of about 25% appears
between the older drivers’ and middle-aged driveesid lines. Furthermore, the trend lines

belonging to younger and middle-aged drivers aexlapped, showing almost no difference.
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Older drivers’ preference to drive during daytinmel @voidance during nighttime due to visual
incapabilities may cause them to be involved ingadér number of crashes under daylight
conditions. When considering crashes occurringndudiawn, it was shown that older drivers
and younger drivers were less likely to be involiredrashes at dawn, whereas middle-aged
drivers contributed to a higher number of crashekis category. This may be because middle-
aged drivers mostly represent the workforce, wheeodder and younger drivers generally do not.
The working population normally commutes in earlgrmng so their exposure is higher during
dawn conditions. This explains why their involverngncrashes is higher at this time. When it is
dark, older-driver-involved crashes were less tt@mpared to the other two categories,
irrespective of streetlights. This may strengthendrgument that older drivers try to avoid
nighttime driving and prefer daytime driving.

Under different weather conditions, there was gaificantly identifiable difference in
trend except for no adverse conditions and raingther conditions. Figure 4.3 depicts the
trends. Similar to daylight conditions, older-dmivevolved crashes were higher under no
adverse weather conditions, and younger and milgiedriver-involved crash trends were at
lower levels closer to each other, compared tdréved line of older drivers. Even though both
trends (under daylight and no adverse conditiona kimilar, with under no adverse weather
conditions, the average percentage difference washness, around 4% compared to 25% in

daylight conditions.
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Figure 4.3 Crashes Involving Different Age Groups Bsed on Weather Conditions

Trends pertaining to manner of collision showedingaishable differences under rear-
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end and angle collisions. Charts are presentedjuré4.4. Older drivers were involved in fewer
percentages of rear-end crashes compared to youhguialdle-aged drivers, with completely
opposite numbers with angle collisions. Middle-aged younger-driver-involved crash
percentages were marginally close to each othieotim cases. However, all three age groups
followed the same pattern in both conditions. Whmarerall patterns were concerned, it is
important to note that rear-end collisions weraratipward direction among all age groups,
which is not a favorable indication with regardstdety; but angle collisions were at a downward
trend, showing an improvement over the years. Atitarshould be paid to investigate reasons
behind such increase in rear-end collisions. Thay be due to quality improvement in facilities

where drivers’ drive faster.
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Figure 4.4 Crashes Involving Different Age Groups Bsed on Manner of Collision

Out of the vehicles overturned, younger driversesented the majority whereas older
drivers represented the least. Charts are depictejure 4.5. Most of the time younger drivers
tended to drive too fast for the prevailing corah8 unlike older drivers, and this could be the
reason for such an outcome. Middle-aged drivergwebetween these two extremes. Vehicle
speed was the major factor causing drivers to auednd therefore these results were as
expected. The next two charts in Figure 4.5 shat ¢kder drivers were more likely to collide
with other motor vehicles irrespective of whethexras parked or on the road. But crashes
involving older drivers colliding with motor vehis on the road were much greater compared to
the young and middle-age groups. Interestingly,dieichged drivers were more likely to be

involved in crashes colliding with animals than ggar or older drivers. The possible reason
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could be related to their exposure conditions. Astioned earlier, middle-aged drivers are more

exposed to drive at dawn and nighttime where arsnt@add to come onto roads. Thus, there are

high possibilities for middle-aged drivers to bealved in crashes with animals.
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Figure 4.5 Crashes Involving Different Age Groups Bsed on Accident Class

The collision with fixed objects chart shows thltes drivers were less likely to be
involved in crashes hitting fixed objects, but ygandrivers were more prone to it. The possible
reasons could be older drivers are more likelyrieedat lower speeds compared to others, and
therefore it reduces the chances for them to riithefroad and hit objects. Whereas, younger
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drivers are more likely to drive at higher speeuid are prone to run off the road and hit fixed
objects. Further, the amount of experience of otiters may also help them to maneuver
vehicles better in such situations. On the othadhas mentioned earlier, older drivers are more
likely to collide with another vehicle on the roadd this may reduce the number of crashes
under the collision with fixed object category. &tmon-collision categories also showed similar
trends, as collision with fixed objects and oldexer representation were lower as well.

From the contingency tables (Table 4.1), it is enicthat crashes in the urban
environment were higher among all ages comparedaghes occurring in rural environments.
According to the road classification, most of thasties occurred on freeways and arterials.
Charts in Figure 4.6 show the crashes occurring theeyears in urban/rural environments on
arterial roads. It is clear in urban environmetaiditions that older-driver involvement in
crashes was high in both principal and minor aatercompared to other drivers, whereas in rural

environments older and middle-aged drivers repitesetme majority, alternately.
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Figure 4.6 Crashes Involving Different Age Groups Bsed on Road Class
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When looking at vehicle maneuvering at the pointrakh, it can be seen why
intersection-related crashes are higher among dlidegrs. Figure 4.7 depicts the trends based

on vehicle maneuvering at the time of crashes.
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Figure 4.7 Crashes Involving Different Age Groups Bsed on Vehicle Maneuvering

Left-turn-related and right-turn-related crashegicted in Figure 4.7 are high among
older drivers compared to others. Left turns agttriurns are required at intersections, and if
older drivers experience any problems with theservaneuverings, it is quite obvious there will
be more crashes at intersections. Similar trendsals® be seen in backing-related crashes. A
little improvement among older drivers can be seaar the years, but still their representation in
this category is higher compared to other driver gipups. Trends with middle-aged and
younger-driver-involved crashes are closer to edbbr and also indicate an improvement over
the years, but not as much as older drivers. Viaiwhmisjudgment of space could be reasons
for the higher number of backing-related crashesrapolder drivers.

Alcohol is known to play a major role in crashesgeneral, people believe that there are
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more alcohol-related crashes irrespective of agetlsis was disproved by crash data analysis.
Figure 4-8 depicts trends over the years.

Data showed that around 3.5% to 4.0% of crashesvimg younger drivers are alcohol
influenced; that number is around 3.0% for middiegxadrivers. But when older drivers are

considered, their involvement rate was around 0WPich is very low compared to others.
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Figure 4.8 Crashes Involving Different Age Groups Bsed on Alcohol Influence

4.2 Older-Driver Survey

Analysis and results based on the older-driveresuare discussed in this section (survey
form is given in Appendix-C). As the first stepmgile percentages were calculated for every
guestion to get an idea about the overall situatfdhen looking at the simple percentages, 97
percent of the respondents were currently drivimgj he remaining three percent of respondents
had stopped driving very recently. Frequenciesmardentages for general questions are shown
in Table 4.3. Ninety two percent of the respondéai$ more than 50 years of driving experience
and a majority drive cars and vehicles newer tiagehrs old. Forty-one percent of older
drivers drove every day, whereas a majority ofdtiers drove at least two or three days a week.

Sixteen percent of respondents drove more thamblé® per month and among them about two
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percent drove more than 2000 miles per month. ®thte284 respondents, 51 had been
involved in crashes during the last 10 years. Aamiiyj of the older drivers hadn’t been involved
in any traffic violations after turning 65 yearsheveas 12 percent had received tickets for
speeding. There was no difference in gender whegivieg speeding tickets, but it is important
to note that out of 33 respondents who receiveddipg tickets, eight mentioned that they drink

and drive. However, none of them had received mhets related to DUI after turning age 65.

Table 4.3Responses to General Survey Questions by Older Des in Kansas

Questior Frequency | Percentagt
1 Doyou currently drive?
Yes 275 97%
No 9 3%
2 How long have you been driving?
0 -10 years 0 0%
11-20 years 1 0%
21-30 years 0 0%
31-40 years 6 2%
41-50 years 15 5%
More than 50 years 260 92%
3 What type of vehicle do you usually drive?
Car 222 78%
Suv 19 7%
Van 37 13%
Pick up Truck 21 7%
Other 7 2%
4  How old isthe vehicle you drive?
0 -5 years 103 36%
6- 10 years 110 39%
11 -15 years 51 18%
16-20 years 19 7%
21-25 years 4 1%
More than 25 years 1 0%
5 How frequently do you drive?
Everyday 116 41%
4-6 days per week 58 20%
2-3 days per week 76 27%
Once a week 19 7%
Once a month 2 1%
Once in a while 11 4%
6  Approximately how many miles do you drive each month?
0 -100 miles 115 40%
101 -200 miles 53 19%
201 -500 miles 67 24%
501 -1000 miles 27 10%
1001- 2000 miles 12 4%
More than 2000 miles 6 2%
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Table 4.3 continued

Question Frequency | Percentagt

24 Hasyour seat belt usage changed over the years?

Increased 144 51%

Decreased 2 1%

Almost the same 126 44%

Don'’t know 7 2%
25 Have you been involved in a crash during the last 10 years?

Yes 51 18%

No 229 81%

27 If you have received a traffic violation after turning to 65 years,
what best describes the reason?

Never received 205 72%
Speeding 33 12%
Parking 6 2%
DUI 0 0%
Reckless driving 1 0%
Expired tags/ license 6 2%
Vehicle deficiencies 0 0%
Other (specify).............ccoovun.n. 11 4%
36 When do you think you would stop driving?

When my doctor advises 146 51%
When my adult children interfere 43 15%
When my vision gets poor 136 48%
When my spouse advises 28 10%
None of the above 22 8%

Frequencies and relevant percentages pertainidgrntmgraphic, socio-economic, and
educational background-related questions are pregém Table 4.4. When looking at the
distribution of the sample based on age, a fatridigion can be seen among all age group
categories included in the survey form. Accordindghe responses, 15 percent of respondents
were between the ages of 65 to 70 years, 17 penaetbetween the ages of 71 and 75 years,
23 percent were between the two age groups froto 86 and 81 to 85 years, and 21 percent
were over the age of 85.

35 percent of the respondents had participatediverdeducation courses after turning 65
years of age. Almost all respondents had at lezet bo high school and only two percent hadn’t
had any formal schoolind-here was about a 40/60 percentile split betwedesrand females in
the sample, and 46 percent were married and 3@mpenddowed. Most of the respondents
would stop driving either when their doctor advisesvhen his/her vision gets poor. Most of the
older drivers’ annual household income was grethan $20,000, and 43 percent of respondents

were living in their own houses.
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Table 4.4Response to Demographic, Socio-Economic, and Eduiatal Background-

Related Questions by Older Drivers in Kansas

Questior Frequency | Percentagt
7 What isyour age group?
65 - 70 years 42 15%
71- 75 years 48 17%
76 - 80 years 66 23%
81- 85 years 66 23%
More than 85 years 61 21%
33 Haveyou participated in any type of driver education courses since
the age of 65?
Yes 98 35%
No 184 65%
34 What isyour gender?
Male 114 40%
Female 170 60%
35  Your marital status?
Single 13 5%
Matrried 132 46%
Divorced 25 9%
Widowed 108 38%
Separated 6 2%
37 Your educational qualification?
No formal schooling 5 2%
Some high school 66 23%
Some college 81 29%
Four year college 43 15%
Graduate degree 65 23%
Other (specify)..........ccccceeinnn.e. 14 5%
38 How much isyour annual household income?
Less than $ 9,999 12 4%
$ 10,000 - $ 14,999 24 8%
$ 15,000 - $ 19,999 30 11%
$ 20,000 - $ 29,999 59 21%
$ 30,000 - $ 49,999 61 21%
$ 50,000 or above 52 18%
39 Please select appropriate option regarding your current residence?
Own house 122 43%
Rental 145 51%

Table 4.5 shows exposure-related frequencies amem@ages. When looking at seat belt
usage among older drivers, it can be noted thaeB&ent responded that they always wear seat
belts while driving and 80 percent of them do tams as a passenger. In addition, 51 percent
believe their seat belt usage has gone up ovgrasieyears, while 44 percent said it is almost the
same. According to a past study, seat belt usaga@wider occupants hospitalized as a result
of highway crashes was found to be 61 percent imsKg(51), which is well below the above

usage rates mentioned by respondents in the survey.
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Table 4.5Frequencies, Percentages, and Likelihood of Occunnee Based on Exposure

. Likelihood of
Question Frequency| Percentage Occurrence
8.¢  How often do you wear the seat belt while driving? 95
Never 1 1%
Very rarely 2 1%
Sometimes 9 3%
Most of the time 29 10%
Always 240 85%
8.t How often do you wear the seat belt as a passenger? 93
Never 2 1%
Very rarely 1 1%
Sometimes 8 3%
Most of the time 39 16%
Always 200 80%
9  How often do you drive at night compared to day time? 38
Never 38 13%
Very rarely 86 30%
Sometimes 133 47%
Most of the time 11 4%
Always 11 4%
10 How often do you feel the street is not lit well enough
when driving at night? 38
Never 44 15%
Very rarely 73 26%
Sometimes 106 37%
Most of the time 29 10%
Always 6 2%
11 How frequently do you drive on freeways? 39
Never 41 14%
Very rarely 74 26%
Sometimes 134 47%
Most of the time 29 10%
Always 4 1%
12  How often do you drive on following weather
conditions?
a Rainy 50
Never 13 5%
Very rarely 55 19%
Sometimes 147 52%
Most of the time 42 15%
Always 22 8%
b Showy 39
Never 45 16%
Very rarely 80 28%
Sometimes 102 36%
Most of the time 26 9%
Always 14 5%
¢ Windy 56
Never 5 2%
Very rarely 35 12%
Sometimes 141 50%
Most of the time 56 20%
Always 29 10%
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Table 4.5 continued

: Likelihood of
Question Frequency | Percentage Occurrence
13 How often do you make sudden stops or slow down on
road without real necessity? 18
Never 119 42%
Very rarely 127 45%
Sometimes 24 8%
Most of the time 3 1%
Always 4 1%
14 How often do you drive after consuming medicine? 39
Never 77 27%
Very rarely 71 25%
Sometimes 63 22%
Most of the time 39 14%
Always 31 11%
15 How often do you drive after consuming alcohol? 5
Never 242 85%
Very rarely 24 8%
Sometimes 11 4%
Most of the time 1 1%
Always 2 1%
16 How often do you drive alone? 64
Never 4 1%
Very rarely 23 8%
Sometimes 92 32%
Most of the time 133 47%
Always 29 10%

In general, past studies have found that amongdbditivers, an older driver was nearly seven
times more likely to be killed or hospitalized tregounger drive(8).

Unlike the quantitative-type questions, qualitatipeestions are more difficult to
compare. Thus, a common methodology which has eetemsively used in the past was used
here to evaluate the answers. This method assifjesedt weights to each answer and selected
weights range from 0 to 100. Following that, anrage weighted value was calculated for each
guestion, which will represent the standpoint sf@ndents in a quantitative manner. Further,
this number will describe the likelihood of occurce as a probability. Calculated values for
each question are presented in the last columimeof &ble 4.5 and Table 4.7, headed as
likelihood of occurrence. For example, likelihoddoocurrence indicates the chance of a

randomly selected person being in compliance wiplardéicular event.
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The assigned weights are as follows:
* Never-0
* Veryrarely- 25
* Sometimes- 50
* Most of the time- 75
* Always- 100

Accordingly, 95 percent said they wear seat heltde driving and 93 percent as a
passenger. In other words, if an older driver veaglomly selected, there was a 95 percent
chance of that driver indicating that he/she weaseat belt while driving. Similarly, if an older
passenger was selected, there was a 93 percertecbitnat particular passenger wearing a seat
belt. But if no response cases were consideredaget,” seat belt usage as a passenger went
down to 82 percent and as a driver there was nogeha

Eighty-five percent of respondents stated theyatadnive after consuming alcohol, but
one percent responded that they always drink and.dFhere was about a 38 percent chance for
an older driver to be driving at night comparedi&ytime, and 38 percent considered that the
streets were not lit well enough at night. Chanfcgriving on a freeway was recorded as 39
percent.

In the case of exposure to different weather cambt there were 50 and 56 percent
chances of driving in rainy and windy weather ctinds, respectively, whereas in snowy
conditions it came down to 39 percent. Accordingh® analysis, there was an 18 percent chance
in making sudden stops or slowing down on roadeaut real necessity. There was a 39 percent
chance of driving after consuming medicine, whergdy a five percent chance after consuming
alcohol. There was around a 64 percent chance oldan driver driving alone, according to the
survey.

Table 4.6 presents frequencies and percentagesiéstions focused on challenging
situations. Roundabouts seemed to be the majorafyjpe¢ersection where older drivers were in
obscurity. Left turns pointed to the most challelggmaneuvering for older drivers at
intersections, especially where there were no sigytds or green arrows. However, almost all
older drivers seemed to be confident about rightsand left turns with green arrows. Similar

results were found in prior research stating thaerodrivers were no more likely to make right-
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turn-related crashes compared to younger drivertsthiey were over represented twice as often
as younger drivers in left-turn-related cras{&sThere is evidence from prior research that
some drivers modify or self regulate their drivimagpits in certain driving situations like high-
traffic roads(52). According to the survey data, 50 percent of tispoadents would like to

avoid high-traffic roads when driving, whereas prehce for local roads and urban minor roads
are high among older drivers. The frequencies iiberént types of roads and conditions that

older drivers would like to avoid are depicted igufe 4.9.

Table 4.6Response to Challenging Situation Survey Questioty Older Drivers in Kansas

Questior Frequency | Percentagt
28 Do you have any difficulties at intersections compared to driving
on roadways?

Yes 21 7%
No 255 90%
29  If yes, what type of intersection(s) makes you difficult to deal with?
Stop light/ traffic lights 2 1%
STOP sign controlled 3 1%
YIELD sign controlled 12 4%
Roundabouts 32 11%
No control 15 5%

30 What are the driving tasks that have become more challenging for
you at intersections? (mark multiple answers if applicable)

Making Left Turns with no signal lights 53 19p6
Making Left Turns at traffic signals without aegin arrow 35 129
Making Left Turns at traffic signals with a greamow 1 1%
Making Left Turns at un-signalized intersections 44 15%
Making Right Turns 1 1%
Yielding or Stopping 12 4%
Passing through B 1%
None of the above 178 639
32 Which type of roads would you like to avoid when driving?

Freeways 77 27%
Urban major roads 43 15%
Urban minor roads 16 6%
High traffic roads 141 50%
Two lane undivided highways 54 19%
Rural roads 52 18%
Local roads 6 2%
None of the above 62 22%
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Figure 4.9 Types of Roads Avoided by Older Drivers

Table 4.7 presents the response-to-difficulty-typesey questions and respective
likelihood of occurrence values have been calcdlatéhen looking at the difficulty-type
guestions, 14 percent have a difficulty associatil stopping or slowing down, and eight
percent with straight following the road. Ninetgercent have difficulties in lane changing and
22 percent have difficulties with merging into fraf Nineteen percent have difficulties in
judging gaps when merging or making a turn, angdrzent in negotiating curves. Nineteen
percent showed difficulties with diverging withffia and 24 percent showed difficulties with

identifying speeds and distance of oncoming traffic
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Table 4.7Response to Difficulty-Type Survey Questions by Okt Drivers in Kansas

. Likelihood of
Question Frequency  Percentage Occurrence
17 How often do you have any difficulty associated with
stoppina. stopped waitina to turn, or slowing down? 14
Never 150 54%
Very rarely 109 39%
Sometimes 16 6%
Most of the time 2 1%
Always 2 1%
18 How often do you encounter any difficulty with straight
followina the road? 8
Never 203 72%
Very rarely 74 26%
Sometimes 4 1%
Most of the time 0 0%
Always 1 1%
18 How often do you have difficulty in lane changing? 19
Never 107 38%
Very rarely 142 50%
Sometimes 31 11%
Most of the time 2 1%
Always 1 1%
2C How often do you have difficulty with merging into traffic? 22
Never 90 32%
Very rarely 141 50%
Sometimes 48 17%
Most of the time 3 1%
Always 0 0%
21 How often do you have difficulty in judging gaps when
meraina or making a turn? 19
Never 105 38%
Very rarely 140 50%
Sometimes 32 11%
Most of the time 3 1%
Always 0 0%
22 How often do you have difficulty with diverging fromthe
traffic? 19
Never 100 36%
Very rarely 148 53%
Sometimes 28 10%
Most of the time 2 1%
Always 0 0%
23 How often do you have difficulty with negotiating curves? 12
Never 165 58%
Very rarely 102 36%
Sometimes 14 5%
Most of the time 1 1%
Always 1 1%
31 Isthere any difficulty associated with identifying speeds and
distance of oncomina traffic? 24
Not at all 87 31%
Very rarely 126 45%
Sometimes 59 21%
Most of the time 6 2%
Always 1 1%
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4.2.1 Differences Based on Gender

Table 4.8 shows the cross relationships betweegehder of older-driver respondents
and different types of difficulties addressed ia survey form. In the table, the likelihood
percentage is also calculated and presented forezse. This cross classification would help to
identify high-difficulty levels associated with gder if present. To be more prudent, chi-square
values were also calculated for each case. Accgtdithe percentage and likelihood, it can be
mentioned that there was a higher level of diffig@ssociated with males compared to females
with respect to stopping, stopped waiting to tumslowing down situations. This relationship
was proven by the chi-square test at 94.8% condieléevel {°=5.922, p=0.0518). There was
only a slight difference shown in the difficultysasiated with straight following the road with
respect to gendey’1.131, p>0.5), and with respect to lane chandiege was no difference
shown at all{°=0.447, p>0.5). When merging and judging gaps toyemer turn, females
showed higher levels of difficulty than males. Bugre was no evidence for a strong co-
relationship between these two situations accortbrgpnfidence level calculations. It was about
89% and 73% for these two cases, respectiyéhA(352, p=0.1135 ang=2.614, p=0.271,
respectively) With respect taliverging, males indicated a higher level of diffiy compared to
females, and on the other hand, females indicategreer level of difficulty than males when
negotiating curves. The relationship with divergaannot be proven by a chi-square test
(XZ:O.605, p>0.5). With negotiating curves, there waslationship at the 74% confidence level
({°=2.714, p=0.257).

However, a significant difference can be observét the difficulty associated with
identifying speeds and distance of oncoming traftinditions.In those situations, females
showed a very higher level of difficulty comparednales, and it was statistically proven with
the chi-square test at the 99.9% confidence lg§ell6.765, p<0.001).
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Table 4.8Gender vs. Response to Difficulty Type Survey Quashs

Q-17 Q-18 Q-19 Q-20
Male Female Male Female Male Female Male Femal
Never 50% 57% 75% 70% 38% 38% 34% 30%

Level of Difficulty

D

Very rarely| 39% 39% 21% 30% 52% 499% 549, 48%
Sometimes 9% 4% 3% 1% 9% 12% 11% 21%
Most of the time 1% 1% 0% 0% 1% 1% 2% 1%
Always 2% 0% 1% 0% 1% 0% 0% 0%
Weighted value 17 12 7 8 19 19 20 23
Q-21 Q-22 Q-23 -31

Level of Difficulty
Male Female Male Female Male Femaléd Male Femal

Never 43% 34% 33% 38% 63% 55% 45% 22%
Veryrarely| 46% 52% 55% 52% 33% 38% 38% 50%

D

Sometimes 10% 13% 12% 9% 4% 6% 17% 24%
Most of the time 1% 1% 0% 1% 0% 1% 0% 4%
Always 0% 0% 0% 0% 0% 1% 1% 0%
Weighted value 17 20 20 18 10 13 19 27

Note: Response rates are shown in percentages.
Q-17 is difficulty associated with stopping, stopped waiting to turn or slowing down.
Q-18 isdifficulty with straight following the road.
Q-19 isdifficulty in lane changing.
Q-20 is difficulty with merging in to traffic.
Q-21isdifficulty in judging gaps when merging or making a turn.
Q-22 is difficulty with diverging fromtraffic.
Q-23 is difficulty with negotiating curves.
Q-31isdifficulty associated with identifying speeds and distance of oncoming traffic.

In Table 4.9, driving frequency, miles driven, amdsh involvement percentages were
tabulated based on gender. Accordingly, 20 pencemé males drive every day than females and
this is counterbalanced in other options. Furthercentage of females who drive once in a
while is high which supports the idea that oldendées drive less frequently compared to older
males. In general, prior researchers have fourtdotbar drivers with functional impairment
were more likely to drive less than four days peely while older drivers with a history of
cataracts or high blood pressure were more likeehgport a low number of days driven per
week(53).
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Table 4.9 Gender vs. Driving Frequency, Miles Drive, and Crash Involvement

Driving Frequency Male Female
Everyday 53% 33%
4-6 days per wee 18% 23%
2-3 days per wee 25% 29%
Once a week 4% 9%
Once a month 1% 1%
Once in a whilg 1% 6%
Miles Driven Male Female
0 -100 miles 28% 50%
101 -200 miles 12% 24%
201 -500 miles 27% 22%
501 -1000 mileg 19% 3%
1001- 2000 mileg 10% 1%
More than 2000 mile$ 4% 1%
Involved in a Crash Male Female
Yes 19% 17%
No 81% 83%

On average, more than 20 percent of females desthan 100 miles per month
compared to males, and this was nearly 12 perogheinext mileage category. When number
of miles driven per month increases, the male pgage gets higher compared to female
percentage. Based on the survey data, an averagigenof miles driven can be calculated by
assigning an average value for each mileage categosidered. For the last category, which is
over 2,000 miles, an average value of 2,500 wasidered. Accordingly, on average, an older
driver drives around 325 miles per month. ValueBaated that on average, older males drive
around 525 miles per month and older females amhg 185 miles per month. According to the
National Household Travel Survey 2001 (NHTS), aaerage male in Kansas drives 850 miles
per month and an average female drives around 4i@8 per month. An average older driver
drives around 650 miles per month as per NHTS idatspective of gender. This difference
could arise for two reasons, either sample sizaorple mix corresponding to age and gender.
The NHTS sample size was less than half compardtetstudy sample size, and males younger
than 75 years of age were over-represented as well.

A higher percentage of males were involved in ceasimong respondents compared to
females. However, prior research has found thardkimales have higher accident involvement

rates than older mal€S4). When a similar calculation was carried out basethe number of
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miles traveled, males showed a crash rate of 269F,000 vehicle miles driven, whereas
females showed a much higher crash rate of 9.4G@00 vehicle miles driven. This illustrates a
higher crash involvement risk with respect to feesatompared to males.

Answers provided to question number 26 (Appendixekplaining about crashes
involving older drivers during the last 10 yeargrevanalyzed and identified who was at fault in
each crash. This analysis revealed that the manalés were at fault compared to males, even

though the absolute number of females who met evdkhes was less.

Table 4.10 Driver and Passenger Seat Belt Usages Gender

Gender Driver Passenger
Male 97.0 91.8

Female 91.9 94.4

Average 94.9 93.4

Note: Values represent the likelihood of occurrence based on survey response.

According to past studies in Kansas, seat beltaiaagong older crash victims was high
compared to other age groups. But, irrespectivagef a majority of the crash victims were
males and their seat belt usage was lower comparednaleg51). Similar results were found
from the survey as well. Seat belt usage was hogh &s a driver and as a passenger, and
according to Table 4.10, more male drivers woré seat belts as compared to females.

However, fewer males wore seat belts as passeag@@mpared to females.

4.2.2 Differences Based on Age
Similar to gender, it is important to identify aifent older-driver behaviors associated
with their age. When looking at the mileage dribased on age, it can be observed that in
general, number of miles driven reduces as ageases)’=47.714, p<0.001). Figure 4.10
shows the variation. Further, there is a high dati@ship between driving frequency and age of
the older drivery?=29.190, p<0.001). Considering the information eded from these two
situations, it is possible to state that older niaieers drive more frequently and more miles

compared to older female drivers, confirming pregidindings(9).
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Figure 4.10 Average Miles Driven per Month by an Qder Driver Based on Age

Table 4.11 shows the percentages for likelihoodcolurrence with respect to difficulty-

level questions based on age. The percentages #imagerage are highlighted.

Table 4.11 Age Vs Response to Difficulties Type Stey Questions

Age Group Q-17 | Q-18 Q-19 Q-20 Q-21 Q-22 Q-23 Q-31
65- 70years | 11.9 9.5 17.9 20.8 17.3 14.6 10.1 19.6
71- 75years | 11.7 6.3 15.1 182 | 19.3 18.2 12.0 20.2
76- 80 years | 14.0 8.0 20.8 21.9 19.6 19.8) 11.7 23.1
81- 85years | 16.7 9.2 22.7 26.9 21.1 22.7 14.0 28.5

Over 85years | 13.8 5.3 16.4 19.7 17.2 17.2 11.9 254
Average 13.9 76 18.9 21.8 19.0 18.9 12.1 23.8

Note: Values represent their likelihood of occurrence based on survey response.
Values greater than the average are bolded.
Q-17 is difficulty associated with stopping, stopped waiting to turn or slowing down.
Q-18 isdifficulty with straight following the road.
Q-19 isdifficulty in lane changing.
Q-20 is difficulty with merging in to traffic.
Q-21isdifficulty in judging gaps when merging or making a turn.
Q-22 is difficulty with diverging from traffic.
Q-23 is difficulty with negotiating curves.
Q-3lisdifficulty associated with identifying speeds and distance of oncoming traffic.
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At a glance, it can be seen that age groups fro®07/gears and 81-85 years have more
difficulties than other age groups, or in other dgrtheir difficulty levels are above the average.
Further, it can be observed that the 81-85 yeaagagup shows a higher probability of having
difficulties compared to the 76-80 years age griougll cases. When considering the overall
situation, numbers illustrate that likelihood offidulty increases as age increases but have a
slight decrease when it comes to the above 85 yemrgroup. Occasionally a few other age
groups also indicate values above the averagenwittonsistent pattern and thus can be
disregarded as random variations.

From the past research studies, it was well kndwahalder drivers make modifications
to their driving behavior over time in order to goemsate for physical and cognitive changes
associated with their aging. As a result, theyegitivoid driving in demanding situations or
reduce the number of miles travel@d) under such conditionQuestion 12 was used to identify
the older-driver preference towards driving undéectent weather conditions. Similarly,
guestion 9 was asked to see their preference ghittime driving over daylight conditions, and
guestion 11 dealt with driving on freeways. TahlE24shows the preference of driving under

different demanding situations in relation to diéfiet age groups.

Table 4.12 Older-Driver Age vs. Willingness to Drie in Demanding Conditions

Age Group Rainy Snowy Windy Night Freeways
65- 70 years 58.3 53.0 63.1 47.62 43.45
71- 75 years 58.5 45.7 63.3 46.74 47.92
76- 80 years 53.1 42.9 56.3 40.91 43.18
81- 85 years 46.9 33.9 56.7 34.23 33.33

Over 85 years 39.6 25.0 45.9 27.50 32.50
Average 50.4 39.1 56.5 38.44 39.45

Note: Values represent their likelihood of occurrence based on survey response.

From the table, it can be seen that among all twesgher conditions, the highest
willingness to drive average is 56.5 percent. Mistrivers hesitated to drive in snowy weather
conditions compared to windy and rainy weather dants. Overall, it can be seen that as older
drivers age, their willingness to drive under htde weather conditions decreases gradually.
Preferences for driving at night and on the freealap seemed to be as low as driving under
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snowy weather conditions. It can be noted thatenoodess willingness to drive at night and on
the freeway also decreases with aging.

Miles driven by an older driver could be governgdvarious other factors such as
income level, age, gender, etc. A chi-square test@arried out to identify the relationships
statistically. For the income vs. miles driven, daéculated chi-square valug)was 23.010 and
the tabular value at 95% confidence level with #8rées of freedom was 21.026. Therefore, the
calculated value was greater than the tabular yalug the relationship was statistically
significant at the 5% level.
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Figure 4.11 Annual Household Income vs. Average Mik Driven by an Older Driver per
Month

Generally, higher individual income levels incretfls® number of miles drive{®5). This
is true with older drivers as well according to tiuevey data. Higher incomes increase time
value for individuals and considering transportatithey wish to reduce travel time in various
ways. They especially tend to drive at higher speetl sometimes even try to follow less safe
driving actions, which can increase fatal righS). However, the applicability of this situation to
the older driver segment is questionable, since timee value is not that high compared to other
age groups and therefore, further investigatiareisded before arriving at conclusions.
Increased demand for transportation increases axpts crasheb5) and according to the
survey, average number of miles driven per monghguae up with increased household income

levels. As mentioned before, for age vs. milesafrithe calculategf was 47.714 and the
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tabular value for 12 degrees of freedom was 21.0B& shows a correlation between age and
miles driven as well. Similarly, gender and mileiwen also showed a very high correlation
(x*=50.147, DF=4, p<0.001), indicating a relationshéween gender and miles driven by older
drivers.
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Figure 4.12 Gender vs. Average Miles Driven by an I@er Driver per Month

When looking at seat belt-usage distribution wébpect to different older-driver age
groups, seat belt usage was below the averageiteagke groups from 65 to 70 and 71 to 75, for
driver as well as passengers. This clearly indicttat seat belt usage increases as drivers age.

It was a commonly addressed issue in past studddsiecisions about limiting or
stopping driving was one of the most difficult tagkced by older drivers. Therefore a question
was included in the survey form inquiring, “Whenytm think you would stop driving?” The
summary of responses is presented in the Table 4.13

For this question, 270 older drivers respondedlahaho were asked did not. Since
multiple answers were accepted for this questiomtdtal number of responses was greater than
270. Accordingly, the majority would like to stopvdng either when their doctors advise or
when their vision gets poor. When looking at thesslfication based on gender, females were
more willing to listen to their doctors and aduiildren compared to males. Furthermore, female
drivers would prefer to stop driving when theirigis gets poor compared to older male drivers.
On the other hand, more male drivers were willm@p¢ar about the decision to stop driving

from their spouses compared to female drivers.
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Table 4.13 Older Drivers’ Decisions to Stop Drivingss. Gender

When would you stop Total Gender
driving? Responses % Male (%) | Female (%)
Doctor adviseg 146 54%| 59 (53%)| 87 (78%
Adult children interfere 43 16% 7 (6%)| 36 (32%)
Vision gets poofr 136 50%| 50 (45%)| 86 (77%
Spouse advises 28 109 15 (14%)| 13 (12%
None of the above 22 8% 9 (8%)| 13 (12%)

Table 4.14 shows the percentages of respondentgairstatus based on gender. There
have been several studies carried out in the piged to the decision when to stop driving with
aging. D’Ambrosio et al(30) had said that older drivers’ decisions to stopidg were more
influenced by their spouses if married and livinghwiheir spouse. Secondly, they would like to
listen mostly to their doctors and adult childrBuat the results were slightly different in this
study based on the survey conducted. Even though ofithe respondents were married, still
they would like to hear about the decision to staping from their doctors rather than from

their spouses.

Table 4.14 Marital Status vs. Gender

Marital Status Male Female
Single 4% 5%

Married 68% 32%

Divorced 7% 10%

Widowed 18% 52%

Separateg 4% 1%

High-traffic roads, freeways, and two-lane undiddeghways were among the less
preferred roads by older drivers. According to Fegd.13, their likelihood of avoidance of these
roads increases as they get older, but there wkgha decrease indicated when drivers reached
the age of 85 years.

In general, alcohol consumption by drivers increasigh higher income level%5).
However, this issue was not truly visible amongeoldrivers according to the survey data. But
number of respondents with annual household inogmeater than $ 20,000 was higher, and the
number of people who drink and drive was also higleeording to the survey. When looking at
the percentage distribution, drivers driving attensuming alcohol remained almost the same

for all income levels, showing no bias toward higbeme earners.
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Figure 4.13 Different Types of Roads Avoided by Oler Drivers Based on Age

From prior studies, it was found that older driverth a history of at-fault crashes in the
past five years reported more avoidance to chatlgngpnditions than those who had crash-free
records(52). There was no such difference found in the sudadg, but it is important to note
that number of years considered in this surveynadgive years, instead of ten years. Further,

no detailed comparison was done with crash-freggoredents’ exposure since such data was not
acquired.

4.2.3 Crashes and Contributing Factors

Crude odds ratios were calculated and present&dbte 4.15 for some selected
variables. The methodology was explained in dateflection 3.2.3. A variable name was given
for selected questions and a relevant question eumas presented in front of the variable.
Questions were selected from demographic, gerexpbsure, and difficult sections where there
could be a possibility of a relationship in conmattwith crash involvement. Even though
answers for the difficulty-level and exposure-rethtjuestions were in ordinal format, it can be
considered that either, respondents had no diffi@kposure or had difficulty/exposure in some
degree and therefore were re-classified as a bifigeg” or “no”) variable. In the marital status

situation, it was considered as married vs. sifigiduding divorced, separated, and widowed).
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For questions with ordinal responses, the firsioopivas selected as the reference group and

odds were calculated for others relative to th&t.fir

Table 4.15 Crude Odds Ratios (OR’s) and 95% Confidee Intervals (CI's) for Crash

Involvement
Variable OR's 95% ClI Variable OR's 95% ClI
9 NIGHT | 1.10 0.43,281| 7 AGE |65-70years Reference
11 FREE 0.88 0.38, 2.05 71 - 75 years 1.26 0.37,4.33
12a RAIN 2.27 0.28,18.14 76 — 80 years 1.35 0.43, 4.26
12b SNOW 1.17 0.49, 2.82 81 — 85 years 3.12 1.06, 9.17
12c WIND 0.68 0.07, 6.70 > 85 years 1.45 0.46, 4.60
13 STOP 1.06 0.57,1.97
14 MEDIC | 1.35 0.65,2.81|38 INC < $20,000 Reference
15 ALCO 1.06 0.44, 2.57 $20,000 - $30,000 1.37 0.52, 3.60
16 ALONE - - $30,000 - $50,000 1.32 0.50, 3.45
17 SLOW 0.97 0.52,1.82 > $50,000 1.61 0.61, 4.25
18 STRAT 0.95 0.48, 1.87
19 LANE 1.25 0.66, 2.37 | 37 EDU | High School Reference
20 MERG 1.43 0.72,2.85 College 1.27 0.60, 2.67
21 GAPS 1.32 0.69, 2.53 Graduate 1.50 0.65, 3.4pb
22 DIVG 1.96 0.97, 3.96
23 CURV 1.05 0.57,1.94| 6 MILE | 0-100 miles Reference
31 SPED 2.40 1.11,5.19 101 — 200 miles 0.95 0.41, 2.18
34 GEND 1.15 0.62, 2.13 201 — 500 miles 0.89 0.41,1.95
33 COURS | 1.88 1.01, 3.47 501 — 1000 miles 0.93 0.32,2.13
35 MART 1.03 0.56, 1.89 > 1001 miles 0.51 0.11, 2.3p
39 RES 0.49 0.25,0.94
5 FREQ | Everyday Reference
4 - 6 days/ week 0.93 0.41,2.14
2 -3 days/ week 1.10 0.53, 2.30
Once in a while 0.90 0.31, 2.61

Odds values are based on respondents who had thetrashes during the last 10 years
and the word “respondents” will refer to the saméndtion hereafter in this discussion.
Nighttime driving among respondents was 10 perbagiter compared to others who don't drive
at night and conversely driving on freeways wapéZent less compared to respondents who
don’t frequently drive on freeways. When lookingldferent exposure conditions, exposure was

high in rainy and snowy weather conditions, bus ieswindy weather conditions. This implies
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that more exposure to rainy and snowy weather tiondiincreases the chances of older drivers
being involved in crashes. For all difficulty-tygeestions, respondents’ representation was
higher except for the stopping-related situatiod simaight following the road situation. It

should be noted that the margins were less thapkercent and therefore, it was not advisable to
disregard it completely. Though most of the valwese marginally higher, respondents showed
43 percent higher levels of difficulty with respéatmerging and 96 percent higher levels of
difficulty with diverging. Moreover, difficultiesssociated with identifying speeds and distance
of oncoming traffic showed 2.4 times (140%) higt#ficulty levels compared to respondents
who didn’t experience such difficulties.

Some odds ratios were calculated based on a fewglaphic questions in order to see
how they are related to driving behavior of oldavers. Respondents who took driving
education courses showed higher likeliness to belwed in crashes compared to others who
haven't participated in such courses. This presuynaduld be due to the fact that, consequently,
older drivers take a driving course after beingimed in a crash. When considering older-driver
groups based on age, the 65 to 70 years age grasipomsidered the reference group and, odds
ratios have revealed that other drivers older thar65 to 70 years group are overly involved in
crashes compared to the reference group. Furtherntas important to highlight that the age
group from 81 to 85 years had 3.12 times higheolvement rate compared to reference group.
A similar pattern can be observed with respechtoie levels and in relation to education.
Higher annual income earners were more likely tmlelved in crashes and the same could be
seen with higher levels of education, where chan€éging involved in a crash also increased.
As number of miles driven increased, chances afgogivolved in a crash have decreased,
according to the ratios. This was probably dudé&ihcreased number of miles per week
increasing their experience. On the other handay be due to the fact that people with more
difficulties try to minimize driving’53, 56) and at the same time have high chances of being
involved in crashes. Driving frequency shows tlsfondents who drive two to three days per
week have slightly higher involvement rates comgdoerespondents who drive every day.

Odds ratios calculated based on gender using feareables and relevant confidence
intervals are presented in Table 4.16. In all eyp@sonditions examined, males were
overrepresented compared to females, and males3s&tines overrepresented in drinking and

driving situations. For different difficulty typeugstions, odds ratios were presented and results
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were the same as discussed in Section 4.2.1. \@&gect to different types of roads that older
drivers would like to avoid, females were overreerdged in a majority of the types, apart from
rural and local roads. Males were overrepresemepeeding tickets, and at different types of
intersections there was no significant differencdifficulties between males and females.
Female older drivers showed a problem with makéfigturns compared to males, and further
investigation is required to find out what factare causing such difficulties among females.
Males were overrepresented in use of SUVs, vamsparticularly with trucks (10.44 times

higher) compared to females.

Table 4.16 Crude Odds Ratios (OR’s) and 95% Confidece Intervals (CI's) for Older

Drivers Involved in Crashes Based on Gender

Variable OR's 95% CI Variable OR's 95% CI
9 NIGHT 3.48 1.47,8.21| 32 ROAD | Freeway 0.29 0.16, 0.54
11 FREE 3.18 1.41,7.18 Urban major 0.68 0.34,1.35
12a RAIN 3.94 0.86, 18.12 Urban minor 0.66 0.22,1.96
12b SNOW 2.44 1.18, 5.07 High traffic 0.44 0.27,0.72
12c  WIND - - Two lane 0.46 0.23,0.88
13 STOP 1.14 0.70, 1.85 Rural 1.12 0.61, 2.05
14 MEDIC 1.89 1.08, 3.31 Local 1.50 0.30, 7.59
15 ALCO 3.37 1.64, 6.91
16 ALONE 0.67 0.09,4.82| 27 VIO Ticket 1.69 0.81, 3.49
17 SLOW 1.33 0.82,2.14
18 STRAT 0.75 0.44,1.28| 29 INTER | Yield 1.07 0.33, 3.45
19 LANE 1.01 0.62, 1.64 Roundabout 0.88 0.41, 1.88
20 MERG 0.84 0.50, 1.39 No control 0.99 0.34,2.87
21 GAPS 0.68 0.41,1.10
22 DIVG 1.21 0.73,2.00| 30 TURNS | LT no light 0.8 0.43, 1.49
23 CURV 0.71 0.44,1.16 LT without arrow 0.4 0.17,0.91
31 SPED 0.34 0.20, 0.58 LT no control 0.38 0.18, 0.81
3 VEH Car 0.46 0.26, 0.82
SUV 2.16 0.84, 5.56
Van 1.69 0.84, 3.38
Truck 10.44| 3.00, 36.35
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4.3 Rural / Urban Crashes and Contributing Factors

From 2002 to 2006, a total of 43,290 older-driveralved crashes were reported in
Kansas. A majority of these crashes occurred iamudreas. A similar trend can be observed
with middle-aged and younger drivers. Despite tinalper of crashes, injury-severity analysis
indicated that rural road crashes are more sewsngared to urban road crashes. On the other
hand, when looking at the public road miles in Kamghere are about 123,694 rural highway
miles and 11,768 urban highway miles classifiedetiog to the U.S. Department of
Transportation reports for the year 2q@3). Synthesizing these findings created an intecest t
elaborate more on older-driver-involved crashessifeed under rural and urban areas,
concentrating more on injury severity to identifgneributing factors which could be used to

improve safety of older drivers.

4.3.1 Analysis Using Decomposition Method

As the first step, decomposition ratios were catad considering combined crash data
for a five-year period followed by a yearly breakshg as shown in Table 4.17. The
methodology was explained in Section 3.2.4. Thadrghe fatal crash incidence density, the
more critical the factor towards creating highealisies for vehicle miles traveled. Similarly, the
higher the injury fatality rate, the more criti¢he factor creating fatalities when there are
crashes with injuries. If the crash injury ratdiigher, the factor is more critical towards cregtin
injuries when crashes occur, and crash-incidenosityendicates the criticalness of getting
involved in crashes per number of miles traveled.

Fatal crash-incidence densities calculated for iamd urban areas indicated vast
differences. Even after adjusting for older drivesgoosure, there are higher chances for older
drivers to experience fatal injuries if crashesusan rural roads compared to crashes on urban
roads. When looking at the injury fatality rate the same scenario, there is a high likeliness for
a rural older driver to experience fatal injurielsem considering crashes causing any sort of
injuries. But when looking at the crash injury gtthe difference is less between urban and

rural, and when it comes to crash-incidence densigydifference is unobservable.
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Table 4.17 Decomposition Ratios for Older-Driver-Irvolved Crashes in Kansas

2002-2006
No. of No. of No. of | No. of miles
Area fatal injury total driven (in
crashes | crashes | crashes| millions) C D
Rural 217 2,636 13,938 3,716 5.84 82 189 3
Urban 58 4,017 29,35 7,559 0.y7 14 136 3
Rural/Urban ratio 3.74 0.65p 0.475 0.4p2 7161 5.70 1.38 0.97
2006
No. of No. of No. of | No. of miles
Area fatal injury total driven (in
crashes | crashes | crashes| millions) C D
Rural 55 479 2,515% 75p 7.32 114 190 3
Urban 14 747 5,415% 1,530 0.92 18 137 3
Rural/Urban ratio 3.93 0.64 0.46 0.49 7.09 6|13 81.3 0.95
2005
No. of No. of No. of | No. of miles
Area fatal injury total driven (in
crashes | crashes | crashes| millions) C D
Rural 34 508 2,533 747 4.55 66 200 3
Urban 16 775 5,416 1,519 1.05 0 143 3
Rural/Urban ratio 2.13 0.66 0.47 0.49 4.32 324 01.4 0.95
2004
No. of No. of No. of | No. of miles
Area fatal injury total driven (in
crashes | crashes | crashes| millions) C D
Rural 46 555 2,88 745 6.18 82 1p2 3
Urban 5 773 6,03§ 1,51p 0.33 6 1p8 3
Rural/Urban ratio 9.2( 0.72 0.48 0.49 1872 12.81 .501 0.97
2003
No. of No. of No. of | No. of miles
Area fatal injury total driven (in
crashes | crashes | crashes| millions) C D
Rural 38 507 3,009 746 5.10 74 168 4
Urban 8 795 6,049 1,516 0.33 10 131 3
Rural/Urban ratio 475 0.64 0.50 0.49 9.66 7145 81.2 1.01
2002
No. of No. of No. of | No. of miles
Area fatal injury total driven (in
crashes | crashes | crashes| millions) C D
Rural 44 587 2,98 727 6.05 74 1P6 4
Urban 15 927 6,44} 1,478 1.01 16 143 4,
Rural/Urban ratio 2.93 0.68 0.46 0.49 5.06 4,63 71.3 0.94

Note: A- Fatal crash incidence density, B- Injury fatality rate, C- Crash injury rate, and D-

Crash incidence density
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This is an important factor to note: in both categgof roads the crash incidence
densities (D) are almost the same, there was #isagmt difference between fatal crash
incidence densities (A), indicating that rural raadshes are more severe compared to urban
road crashes. A similar pattern can be observedwduking at a yearly basis analysis presented
in the same table as well. This verified the faettthas been already revealed in injury severity
analysis and accordingly in the next step, contiigufactors to such circumstances are
identified. In Table 4.18, a summary of yearly Baamnalysis is presented followed by Figure
4.14 depicting the trends over the five-year period

Table 4.18 Summary of Decomposition Ratios for OldeDriver-Involved Crashes in

Kansas
Area Year Fatal cras_h incidence| Injury fatality Crash injury | Crash incidence
density (A) rate (B) rate (C) density (D)
Rural 2006 7.32 114 190 3.35
2005 4.55 66 200 3.39
2004 6.18 82 192 3.88
2003 5.10 74 168 4.04
2002 6.05 74 196 4.11
Urban 2006 0.92 18 137 3.54
2005 1.05 20 143 3.57
2004 0.33 6 128 3.99
2003 0.53 10 131 3.99
2002 1.01 16 143 4.36
Rural/Urban ratio 2006 7.99 6.13 1.38 0.95
2005 4.32 3.24 1.4Q 0.9%
2004 18.72 12.81 1.50 0.97
2003 9.66 7.45 1.28 1.01
2002 5.96 4.63 1.37 0.94
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Figure 4.14 Decomposition Ratios Over the Five-YedPeriod

Table 4.19 shows the rates based on age and gaadsification. Both male and female
drivers in rural areas are at a higher risk congbéweurban areas. In rural areas, all four rates

increase as age increases, but a significant juungbe observed for the 85 years and older age

group irrespective of gender. This is heavily higihled in the fatality incidence density

compared to other rates.
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Table 4.19 Decomposition Ratios Based on Age and 1@&ker

Gender and No. of No. of No. of No. of miles
Age drivers with | drivers with | drivers driven (in
fatalities injuries involved millions) A B C D
Male
Rural
65-69 34 455 3,12% 944 316 15 146 3.3
70-74 24 393 2,400 703 3.4 61 164 3.4
75-79 39 349 1,91% 448 817 112 1B2 1.3
80-84 29 255 1,204 256 | 11.3 114 212 4.7
>85 27 179 730Q 130 207 151 245 5.6
Urban
65-69 14 546 5,161 1,878 o7 26 106 D.7
70-74 4 482 4,337 1,318 0.3 8 111 3.3
75-79 8 398 3,584 98p 08 20 111 3.7
80-84 5 338 2,565 619 0.8 15 132 4.1
>85 3 154 1,374 235 1.8 19 112 5.9
Rural/ Urban
ratio
65-69 2.4 0.8 0.6 0.5 48 2[9 1.4 1.2
70-74 6.0 0.8 0.6 05| 11.2 7.4 1.5 1.0
75-79 4.9 0.9 0.5 0.5 107 5|6 1.6 1.2
80-84 5.8 0.8 0.5 04| 140 7.7 1.6 1.1
>85 9.0 1.2 0.5 0.6 16.2 717 2.2 1.0
Female
Rural
65-69 12 295 1,544 42p 218 41 191 3.6
70-74 15 239 1,234 335 4.5 63 194 3.7
75-79 17 229 1,090 2756 6/2 T4 210 4.0
80-84 11 175 792 153 7.2 63 221 5.2
>85 10 131 554 46 21.8 76 236 12.1
Urban
65-69 3 598 3,837 88p 03 5 156 4.3
70-74 3 531 3,432 701 0.4 6 155 4.9
75-79 6 488 3,186 51f 12 12 153 6.2
80-84 7 352 2,295 269 2.6 20 153 8.5
>85 5 215 1,359 160 3.1 23 1%8 8.5
Rural/ Urban
ratio
65-69 4.0 0.5 0.4 0.5 8.8 8l1 1.2 0.8
70-74 5.0 0.5 0.4 05| 105| 111 1.3 0.8
75-79 2.8 0.5 0.3 0.5 5.8 6/0 1.4 0.6
80-84 1.6 0.5 0.3 0.6 2.8 3.2 1.4 0.6
>85 2.0 0.6 0.4 0.3 7.0 33 15 1.4

Crash incidence density
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Tables 4.20 and 4.21 present the ratios calculzedd on road type and posted speed
limits on the roads, respectively. Since thereoi€lassification given in NHTS data to calculate
number of miles driven by older drivers in eachdreategory, the total number of rural miles
driven was used for all road types. This has agcefhn the fatal crash incidence density and
crash-incidence density values to some extentsiBige there is no other better alternative
available to calculate ratios, the same numberusad for all cases. However, doing that has no
effect on injury fatality rates and crash injuryas because they are based solely on crash data
with no involvement in exposure conditions. In gahecrash injury rates (C) are decreasing
from rural interstate to rural local roads andraiksir pattern can be observed for urban roads as
well. When looking at the rate B, it can be obsdriket rural arterial crashes are more severe
and this is verified by rate A as well. When loaket the urban case, arterials are more severe
according to rate A but according to rate B anth€grstates are more severe in terms of non

fatal injuries.

Table 4.20 Decomposition Ratios Based on Road Type

No. of No. of No. of | No. of miles
Road type fatal injury total driven (in
crashes | crashes| crashes| millions) A B C D
Rural
Interstate 13 213 994 3,716 0.35 61 214 0.27
Arterial 120 1,300 5,99% 3,716 3.23 b2 217 1,61
Collector 54 684 3,554 3,716 1.45 79 192 0.96
Local 30 439 3,39( 3,716 0.81 68 1p9 0[91
Urban
Interstate 12 388 1,437 7,559 0.16 31 270 0.19
Arterial 34 2,820 19,444 7,559 0.45 12 145 2(57
Collector 5 284 2,285 7,559 0.07 18 124 0.30
Local 7 525 5,047 7,559 0.09 13 104 067
Rural/ Urban
ratio
Interstate 1.08 0.55 0.69 0.49 2.20 1.97 0.79 1.41
Arterial 3.53 0.46 0.31 0.49 7.18 7.66 1.60 0/63
Collector 10.80 2.41 1.56 0.49 21.97 4.48 1.55 3.16
Local 4.29 0.84 0.67 0.4p 8.72 5.13 124 1,37

Note: A- Fatal crash incidence density, B- Injury fatality rate, C- Crashinjury rate, and D-
Crash incidence density
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According to the laws of physics, higher speedsedugher injury severity in the case of

motor vehicle crashes and it can be seen in odysts well. When looking at Table 4.21, it can

be observed that on rural roads speed limits betwéeo 65 mph are highly vulnerable to crash

severity compared to roads with other speed lildtsurban roads, more severe crashes

occurred when the speed limit was higher than 6B cgmpared to crashes on roads with lower

speed limits. In crash injury rates, there was atbepn to be observed in both rural and urban

roads and neither in crash incidence densities pfé@ous findings based on road type are

verified by the speed limit study, because artetigbically have speed limits between 45 to 64

mph, and interstates and freeways are usually ath@vepeed limit of 64 mph.

Table 4.21 Decomposition Ratios Based on Speed Ltmi

Speed Limit No. of No. of No. of | No. of miles | Fatal crash Injury Crash Crash
(mph) fatal injury total driven (in incidence fatality injury incidence
crashes | crashes | crashes millions) density (A) rate (B) | rate (C) | density (D)
Rural
21-35 12 299 2,602 3,71 0.32 10 114 0f70
36-45 7 188 845 3,716 0.19 37 222 0.23
46-55 78 842 3,66 3,71 2.10 D2 230 0{98
56-65 89 851 3,933 3,716 2.39 104 216 1.06
>65 19 303 1,254 3,71p 0.51 62 240 0[34
Urban
21-35 22 2,389 18,30p 7,54 0.29 9 130 2.42
36-45 10 1,019 6,345 7,559 0.13 9 160 0.84
46-55 6 139 722 7,559 0.08 43 192 0.10
56-65 7 227 1,550 7,559 0.09 30 146 0.21
>65 6 45 258 7,559 0.08 13B 114 0.03
Rural/Urban
ratio
21-35 0.55 0.13 0.14 0.4 1.11 4.836 0|88 .29
36-45 0.70 0.18 0.13 0.49 1.42 3.79 1.39 0.27
46-55 13.00 6.06 5.0y 0.4 26.44 215 1119 10.31
56-65 12.71 3.75 2.54 0.49 25.86 3.39 1.48 5.16
>65 3.17 6.73 4.88 0.4 6.44 0.47 138 9,93

Crashes involving single vehicles have been areifsua long time among researchers.

According to the decomposition ratios presentetiable 4.22, multi-vehicle crashes involving

older drivers are more severe in rural areas, vasatas the other way around in urban areas

except for rate A. Such differences could occuralge the number of miles driven is not
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classified under single-vehicle or multi-vehicleegories. Therefore rates B and C are much
more reliable and accurate in such instances.daruareas, single-vehicle crashes are more
likely to cause injuries and fatalities comparedntalti-vehicle crashes. Further, when looking at
rate B and C corresponding to rural/ urban, hidéveels of injuries pertaining to multi-vehicle

crashes in rural areas can be observed.

Table 4.22 Decomposition Ratios Based on Number @thicles Involved in a Crash

Number of No. of No. of No. of | No. of miles

vehicles drivers with injury total driven (in

involved fatalities crashes | crashes| millions) A B C D

Rural
Single Vehicle 75 1,103 6,846 3,716 2.p2 68 161 41.8
Multi Vehicle 142 1,533 7,087 3,716 3.82 D2 216 119

Urban
Single Vehicle 15 424 2,90p 7,599 0.po 35 146 0.38
Multi Vehicle 43 3,591 26,448 7,559 0.%7 [ 1 135 0315
Rural/Urban

ratio
Single Vehicle 5.04 2.59 2.3 0.49 10.17 1{93 1.10 4.79
Multi Vehicle 3.30 0.43] 0.2] 0.4p 6.12 7.74 159 55)

Note: A- Fatal crash incidence density, B- Injury fatality rate, C- Crash injury rate, and D-
Crash incidence density

When considering crash severity based on typesgluties involved, in rural areas

pickup trucks and SUVs driven by older drivers laighly involved in high-severity crashes.

Ratios are presented in Table 4.23.
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Table 4.23 Decomposition Ratios Based on Vehicle g

] No. of No. of No. of No. of miles
Vehicle type | grivers with | drivers with | drivers driven (iin
fatalities injuries involved millions) A B C D

Rural
Car 121 1,569 8,094 3,716 3.26 77 193 2.18
Van 15 224 1,323 3,71p 0.40 66 1p9 036
Pickup truck 54 600 3,628 3,716 1.45 90 165 0.98
SUV 13 134 657 3,716 0.3 97 203 opns

Urban
Car 44 3,123 21,661 7,559 0.58 14 144 2.87
Van 6 317 2,700 7,559 0.08 18 117 0.B6
Pickup truck 5 422 4,611 7,559 0.07 11 91 0.61
SUV 0 154 1,462 7,559 0.0p D 105 0.19
Rural/Urban

ratio
Car 2.75 0.50 0.37 0.49 5.59| 5.47 1.34 0.76
Van 2.50 0.71 0.4¢ 0.4p 5.49 3.54 144 1100
Pickup truck 10.80 1.42 0.79 0.49 2197 7.60| 1.81 1.60
SUV N.A 0.87 0.45 0.49 N.A N.A 1.94 0.91

Note: A- Fatal crash incidence density, B- Injury fatality rate, C- Crashinjury rate, and D-

Crash incidence density

Presence of passengers at the time of a crashis@ssed heavily in the literature and

an outline is presented in the literature revieatisa. Similarly, presence of passengers was

considered here in two situations where there angassengers, or the presence of one or more

passengers in a vehicle that was driven by an oldeer. Further, the same conditions were

subdivided according to the type of vehicle dribsrthe older driver to see whether there was

any relationship. Relevant decomposition ratiospgesented in Table 4.24.

Fatality incidence densities are higher in rurabarwhen there are no passengers present

and injury rate is also observed to be high. Batsuch difference can be observed with respect

to injury fatality rates. When classified accordiogype of vehicle, pickup trucks and SUVs

play a significant role in representing higher myjatality rates. It is important to note that

injury rate corresponding to cars is also high keadls to higher fatality incidence densities.

When passengers are present, the pickup truckargtegowed a reduction in rate B, but there

was still no such improvement with respect to SUVSs.
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Table 4.24 Decomposition Ratios Based on Presendd’assengers and Type of Vehicle

No. of No. of No. of
Presence of drivers drivers d’\rli?/.e(r); miles
passengers with with . driven (in
fatalities injuries involved millions) C
Rural
No Passenger 15p 1,910 9,762 3,716 4.09 79 195
One or More
Passengers 6p 79 4,882 3,116 1.78 83 163
Urban
No Passenger 4B 3,187 23,088 7,959 Q.63 15 138
One or More
Passengers 1p 915 8,0b8 7,959 0.13 10 113
Rural/Urban
ratio
No Passenger 3.7 0.60 0.42 0j49 .44 5.28 1.42 6
One or More
Passengers 6.60 0.86 0.p0 0{49 13.42 (.64 1.44
Rural
No Passenger
Car 78 1,084 5,227 3,716 2.10 71 207 1.41
Van 7 127 693 3,714 0.19 5p 183 0.
Pickup truck 46 477 2,746 3,716 1.24 96 173 0.74
SUV 7 74 390 3,716 0.19 on 189 0.]
One or More
Passengers
Car 43 485 2,867 3,716 1.16 88 169 0.77
Van 8 97 629 3,716 0.22 8P 154 0.]
Pickup truck 8 123 882 3,716 0.22 65 139 0.24
SUV 6 60 267 3,716 0.1¢ 10p 224 0.
Urban
No Passenger
Car 36 2,434 16,141 7,559 0.48 14 150 2.14
Van 5 211 1,774 7,559 0.0y 283 118 0.
Pickup truck 4 347 3,641 7,559 0.05 11 95 0.48
SUV 0 114 1,024 7,559 0.0p D 111 0.14
One or More
Passengers
Car 8 689 5,519 7,559 0.11 11 124 0.73
Van 1 106 922 7,559 0.01 D 114 0.12
Pickup truck 1 75 970 7,559 0.01 13 77 0.13
SUV 0 40 438 7,559 0.0 D 91 0.06

2.63

1.30

3.05

1.07

0.8

1.22

Note: A- Fatal crash incidence density, B- Injury fatality rate, C- Crash injury rate, and D-

Crash incidence density

Identification of driver contribution towards cra&shand crash severity is highly

important in suggesting possible countermeasuragapoove safety. Decompaosition ratios are
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calculated for a number of potential contributiagtbrs. For a given crash, there could be more
than one contributing factor and as a result, tmersation of contributing factors is greater than
the actual number of crashes occurring. Accordinipé injury fatality rates calculated, driving
on the wrong side or going the wrong way, drivimgler influence of drugs or alcohol, failing to
comply with traffic signs or signals, and high-spekiving are among the top-ranked
contributions to crashes by older drivers. Whersagring crash injury rates, failed to yield

right of way, fell asleep, and ill or poor medicaindition have contributed towards injuries
other than the factors highlighted under injuryaldy rates. Tables 4.25 and 4.26 show the rates

calculated for rural areas and urban areas, rasphct

Table 4.25 Decomposition Ratios Based on Driver Carbution in Rural Roads

. __ No. of No. of No. of . i
Driver Contribution fatal injury total hé?iv(;;r?lilﬁ S A B C D
crashes | crashes | crashes millions)
under influence of drugs 2 5 20 3,716| 0.05 400 | 250| 0.01
under influence of alcohol 10 70 145 3,714 0.2y 142 482 0.04
failed to yield right of way 53 608 1,875 3,716| 1.43 87| 324| 0.50
disregard traffic signs,signal 25 171 424 3,716 0.6[7 146 403 011
exceeded posted speed limit 5 28 60 3,716| 0.13 178 | 466 | 0.02
too fast for conditions 12 199 679 3,71¢ 0.3p 60 293 0.18
made improper turn 6 103 413 3,716| 0.16 58| 249| 0.11
wrong side or wrong way 32 101 197 3,71¢ 0.8p 316 512 0.05
followed too closely 5 122 504 3,716| 0.13 40 | 242| 0.14
improper lane change 6 41 214 3,716 0.16 146 191 0.p6
improper backing 1 17 515 3,716| 0.03 58| 33| 0.14
improper passing 3 47 209 3,716 0.08 68 224 0.06
improper or no signal 0 16 56 3,716| 0.00 0| 285| 0.02
improper parking 0 7 31 3,716 0.0(¢ D) 22b 0.01
fell asleep 11 189 336 3,716| 0.30 58 | 562 | 0.09
failed to give time and attn 70 960 3,958 3,716 1.88 12 242 1.07
did not comply w lic restric 2 22 66 3,716| 0.05 90| 333| 0.02
other distraction 0 36 141 3,716 0.00 D 255 0.04
avoidance or evasive action 12 118 366 3,716| 0.32 101| 322 | 0.10
impeding traffic, too slow 2 18 48 3,71§ 0.0% 111 375 0.01
ill or medical condition 15 154 233 3,716| 0.40 97| 660 | 0.06
distraction - mobile phone 1 10 21 3,716 0.03 100 476 0.01
distraction - electronic devices 1 3 7 3,716| 0.03 333| 428 | 0.00
aggressive/antagonistic driving 0 2 13 3,716 0.0(¢ D 1583 0.00
reckless / careless driving 1 20 57 3,716| 0.03 50| 350| 0.02

Note: A- Fatal crash incidence density, B- Injury fatality rate, C- Crash injury rate, and D-
Crash incidence density
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Table 4.26 Decomposition Ratios Based on Driver Caibution in Urban Roads

) o No. of No. of No. of No. of miles
Driver Contribution fatal injury total driven (in A B C D
crashes | crashes | crashes millions)

under influence of drugs 1 15 56 7,559| 0.01 66 | 267| 0.01
under influence of alcohol 3 81 294 7,559 0.04 37 275 0.04
failed to yield right of way 14 1291 7,892 7,559 0.19 10| 163| 1.04
disregard traffic signs,signal 8 635 2,808 7,559 0.1n 12 226 0.87
exceeded posted speed limit 4 57 143 7,559| 0.05 70| 398 | 0.02
too fast for conditions 8 232 1,287 7,559 0.1n 34 180 0.7
made improper turn 2 175 1,385 7,559| 0.03 11| 126| 0.18
wrong side or wrong way 5 69 236 7,559 0.07 R’ 292 0.03
followed too closely 0 302 2,470 7,559| 0.00 0| 122| 0.33
improper lane change 1 65 1,339 7,554 0.01 15 48 0.18
improper backing 0 31 1,048 7,559 0.00 0| 29| 0.14
improper passing 0 14 208 7,559 0.00 D 67 0.03
improper or no signal 0 13 60 7,559| 0.00 0| 216| 0.01
improper parking 1 9 40 7,559 0.01 111 225 0.01
fell asleep 2 39 93 7,559| 0.03 51| 419| o0.01
failed to give time and attn 24 1778 13,425 7,559 0.32 13 182 1|78
did not comply w lic restric 0 42 182 7,559 0.00 0| 230| 0.02
other distraction 0 49 252 7,559 0.00 D 194 0.03
avoidance or evasive action 2 53 372 7,559| 0.03 37| 142| 0.05
impeding traffic, too slow 0 12 72 7,559 0.00 D 166 0.01
ill or medical condition 9 183 332 7,559 0.12 49| 551 | 0.04
distraction - mobile phone 0 7 56 7,559 0.0(¢ D 1256 0.01
distraction -electronic devices 0 1 14 7,559 0.00 0 71| 0.00
aggressive/antagonistic driving 1 8 29 7,559 0.01 126 275 0.00
reckless / careless driving 3 43 134 7,559| 0.04 69| 320| 0.02

Note: A- Fatal crash incidence density, B- Injury fatality rate, C- Crash injury rate, and D-
Crash incidence density

Decomposition rates pertaining to different roadrelteristics are presented in Table
4.27. On rural roads, curved roads are more adedarth crashes with injury (C) compared to
straight road conditions. Injury fatality rates icate that crashes are more severe at hill crests

irrespective of the curvature.
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Table 4.27 Decomposition Ratios Based on Road Chatar

No. of | No. of No. of | No. of miles
Road character | fatal injury total driven (in
crashes| crashes | crashes| millions) A B C D

Rural
Straight and level 148 1,767 10,117 3,716 3.98 84 175 2.72
Straight on grade 4P 519 2,473 3,716 113 81 210 67 D.
Straight at hillcrest 10 88 344 3,716 0.27 114 256 0.09
Curved and level 1 145 503 3,716 0.19 48 288 0.14
Curved on grade 9 97 354 3,716 0.24 93 274 0.10
Curved at hillcrest 1 9 21 3,716 0.03 111 429 Q.01

Urban
Straight and level 41 3,122 23,200 7,559 0.54 13 135 3.07
Straight on grade 3 63b 4,429 7,569 0j11 13 143 9 0.5
Straight at hillcrest 1 41 294 7,559 0.01 24 139 0.04
Curved and level 4 108 718 7,559 0.05 39 143 0.09
Curved on grade 3 75 504 7,559 0.04 40 149 0.07
Curved at hillcrest @ L 22 7,559 0.00 0 227 0.00

Rural/ Urban

ratio
Straight and level 3.61 0.57 0.44 0.49 7.34 6.38 1.30 0.89
Straight on grade 5.2 0.82 0.56 0.49 10.68 642 46[1. 1.14
Straight at hillcrest| 10.00 2.15 1.17 0.49 20.34 4.66 1.83 2.38
Curved and level 1.7% 1.41 0.70 0.49 3|56 14.24 201 1.42
Curved on grade 3.00 1.29 0.70 0.49 6.10 2.32 1.84 1.43
Curved at hillcrest N.A 1.80 0.95 0.49 NJA NJA 1.89 1.94

Note: A- Fatal crash incidence density, B- Injury fatality rate, C- Crashinjury rate, and D-
Crash incidence density

In Table 4.28, decomposition ratios calculated Baseroad location are present. Median
off roadway, roadside including shoulder off roagwiaterchange area on roadway, and
intersection on roadway are more critical to cagigmuries when crashes occur. Given a crash
has occurred; roadsides including shoulders, iatti@n, and non-intersection on roadways are

more likely to experience fatalities.
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Table 4.28 Decomposition Ratios Based on Road Logat

No. of | No.of [ No.of | No.of miles
Road location fatal injury total driven (in A C D
crashes| crashes| crashes| millions)
Rural
non-intersection-on roadway 99| 1,122 7,861 3,716 2.66 88 142 2.12
intersection-on roadway 73 838 3,084 3,716 1.96 8y 27 0.4
intersection-related-on roadway 6 171 972 3,716 0.16 35 175| 0.26
pklot-drvway access-on roadwa 6 136 1,071 3,716 0.16 44 126 0.2
interchange area-on roadway 3 48 226 3,716 0.08 62 212| 0.06
roadside-off roadway 28 283 633 3,716 0.75 98 44y 0.1
median-off roadway 2 33 65 3,716 0.05 60 507 0.02
Urban
non-intersection-on roadway 21 814| 7,913 7,559 0.28 25 102| 1.05
intersection-on roadway 21| 1,975( 11,717 7,559 0.28 1p 168 1.1
intersection-related-on roadway 6 581| 4,813 7,559 0.08 10 120| 0.64
pklot-drvway access-on roadwa 2 372 3,243 7,559 0.03 5 114| 0.43
interchange area-on roadway 4 164| 1,305 7,559 0.05 24 125( 0.17
roadside-off roadway 2 87 262 7,559 0.03 22 33p 0.0
median-off roadway 1 20 61 7,559 0.01 50 327( 0.01
Rural/Urban ratio
non-intersection-on roadway 4.71 1.38 0.99 0.49 9.59 3 1.39| 2.02
intersection-on roadway 3.48 0.42] 0.26 0.49 7.07 g 161 0.54
intersection-related-on roadway]  1.00 0.29 0.20 0.49 2.03 3| 1l.46| 041
pklot-drvway access-on roadway 3.00 0.37] 0.33 0.49 6.10 g 1.11 0.67
interchange area-on roadway 0.75 0.29 0.17 0.49 1.53 2| 1.69| 0.35
roadside-off roadway 14.00 3.25 242 0.49] 28.4§ 4 1.35 491
median-off roadway 2.00 1.65 1.07 0.49 4.07 1| 1.55| 217

Note: A- Fatal crash incidence density, B- Injury fatality rate, C- Crash injury rate, and D-

Crash incidence density

4.3.2 Analysis Using Ordered Probit Modeling

The ordered probit modeling technique was useddntify the contributing factors for

older-driver injury severity. Two separate modetrevdeveloped to assess older-driver injury
severity in rural and urban areas by consideriraglpé&0 explanatory variables using statistical
modeling software, SAS version 9.1. The respons@bia was taken as injury severity.

Variable names, description about how variableslatermined, and corresponding mean values

are given in Table 4.29.
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Table 4.29 Variable Description for Older-Driver Injury Severity Models

Variable Type Variable Description Mean
Name Rural Urban
Driver Age AG_1 If age is between 65-69 years=1, otherwise=0 .330 0.29
AG_2 If age is between 70-74 years=1, otherwise=0 250 0.25
AG_3 If age is between 75-79 years=1, otherwise=0 210 0.22
AG_ 4 If age is between 80-84 years=1, otherwise=0 130 0.16
Driver Gender GD_1 If male=1, otherwise=0 0.64 0.54
Vehicle Type VT_1 If it is a car=1, otherwise=0 0.56 0.70
VT 2 If it is a van=1, otherwise=0 0.09 0.09
VT_3 If it is a pick-up truck=1, otherwise=0 0.24 .10
VT 4 If itis a SUV=1, otherwise=0 0.05 0.05
Passengers NP_1 If no passengers=1, otherwise=0 0.6p 0.7
Vehicle Maneuvering VM_1 If going straight=1, otherwise=0 0.69 0.50
VM_2 If making a left turn=1, otherwise=0 0.09 0.17
VM_3 If making a right turn=1, otherwise=0 0.02 5.0
VM_4 If stopped/stopped waiting or slowing downoaiherwise=0 0.05 0.17
VM_5 If backing=1, otherwise=0 0.06 0.04
VM_6 If lane changing=1, otherwise=0 0.01 0.03
Seat Belt SB_1 If wearing seat belt=1, otherwise=0 0.89 0.9
Alcohol Flag AF_1 If yes=1, otherwise=0 0.01 0.00
Function Class | FC_11/51| If occurred on an interstate=1, otherwise= 0.08 0.09
FC_12/53| If occurred on an arterial=1, otherwise=0 0.44 0.67
FC_21/61| If occurred on a collector=1, otherwise=0 0.26 0.08
FC_31/71| If occurred on a local street=1, othermlse 0.22 0.16
Accident Location AL_12 If occurred at an intersection=1, otherwise=0 0.30 0.57
AL_16 If occurred on roadway=1, otherwise=0 0.9% 990.
Light Condition LC_1 If occurred during daylight=1, otherwise=0 9.6 0.89
LC 2 If occurred in dark-street light on=1, othese#0 0.04 0.07
LC 3 If occurred in dark-no street lights=1, othisev0 0.21 0.01
Road Surface Condition RS 1 If surface is dry=1, otherwise=0 0.87 0.8%
Road Surface Character RC_1 If road is straight=1, otherwise=0 0.93 0.9¢
RC 2 If road is curved=1, otherwise=0 0.07 0.04
RC_3 If road is on grade or at hillcrest=1, otheew0 0.24 0.18
Road Surface Type RT_1 If road surface is black top or concrete=heowise=0 0.89 0.99
Day of the Week DW_1 If it is a week day=1, otherwise=0 0.76 0.82
Weather Condition WC_1 If occurred in no adverse weather conditioretlherwise=0 0.88 0.88
WC_2 If occurred in rainy weather condition=1, athise=0 0.06 0.09
WC_3 If occurred in snowy weather condition=1, ottiee=0 0.02 0.01
Accident Class AC_ 1 If collided with other motor vehicle =1, otinese=0 0.52 0.91
AC 2 If collided with parked motor vehicle =1, othése=0 0.04 0.04
AC_3 If collided with an animal =1, otherwise=0 6.2 0.01
AC 4 If collided with a fixed object =1, otherwisg= 0.12 0.03
Manner of Coallision Cv_1 If it is a head on collision=1, otherwise=0 0D. 0.02
Cv_2 If it is a rear end collision=1, otherwise=0 .10 0.27
Cv_3 If it is a angle collision=1, otherwise=0 0.25 0.50
Cv_4 If it is a sideswipe collision=1, otherwise=0 0.08 0.08
Posted Speed SL 1 Posted speed in mph 51.74 36.05
Number of Vehicles NV_2 If it is a multi vehicle crash=1, otherwise=0 0.48 0.92
Time of Accident TA_1 If it is occurred during peak times=1, otheses#0 0.24 0.23
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As the selection criteria of variables to be in€lddn the model, a 95% confidence level
was used in which the probability should be les&1t0.05. Co-linearity of individual variables
were also checked before considering variablestirdonodel and if such relationship existed
one of the two correlated variables was discardegd on the lowest mean value criterion.

Model results are given in Table 4.30 for rurald®and in Table 4.31 for urban roads.
Coefficients were estimated using the maximum iliia@d method as explained in Section 3.2.5.
Likelihood ratio indexes (LRI) are presented focteanodel along with Estrella values and log
likelihood values. In the rural model, more explanga variables became significant and almost
all variables showed significant results underdbeomposition method and were included in the
model. By looking at the two sets of values obtdifar the two models, it can be stated that the
injury severity model for rural roads has a befitesompared to injury severity model for urban
roads. The likelihood ratio index value for thealunjury severity model is 0.1738 and 0.0653
for the urban injury severity model. Thus, the igjseverity model for rural roads has a better
capability of explaining injury severity causesotder drivers with a selected set of explanatory
variables compared to the model for injury sevesityurban roads. Past studies based on ordered
probit modeling have shown that the goodness ofdite is typically low. In the model
developed by Ma and Kockelm#3v), it was around 0.05 and in the models developed by
Kockelman and Kweo(9), the highest LRI value was around 0.08. Thererary other
studies in the past which had similar res(8& 40). Therefore, the reliability of the overall
model can be considered as acceptable.

The variables considered in this analysis can badly classified under four sections:
driver related, crash related, roadway related,eanvironment related. Thus, the discussion of

model results is also presented under the samesgdor better understanding.

4.3.2.1 Driver Related

When looking at both models, most of the driveatedl variables significantly affect the
injury severity of older drivers. On rural roadsaidriver’s age is less than 85 years, there is a
tendency for reduction in injury severity and obam roads, no such clear differentiation is
indicated. In the decomposition method, similaufes were also found and verified in this

analysis.
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Table 4.30 Parameter Estimates for Older-Driver Inury Severity Model on Rural Roads

Parameter | Estimate Standard Error | t Value | Approx Pr > ||
Intercept -0.828826 0.149059 -5.56 <.0001
AG_1 -0.272326 0.053151 -5.12 <.0001
AG_2 -0.223695 0.053805 -4.16 <.0001
AG_3 -0.178505 0.054387 -3.28 0.0010
AG_4 -0.172793 0.057616 -3.0( 0.0027
GD_1 -0.171875 0.032299 -5.32 <.0001
VT_ 1 0.303921 0.062906 4.83 <.0001
VT 2 0.358855 0.075919 4.73 <.0001
VT_3 0.163581 0.063576 2.57 0.0101
VT 4 0.355625 0.085488 4.16 <.0001
NP_1 0.066461 0.031729 2.09 0.0362
VM_2 -0.257139 0.048354 -5.32 <.0001
VM_3 -0.558938 0.107845 -5.18 <.0001
VM_4 -0.296730 0.067741 -4.38 <.0001
VM_5 -0.593927 0.117124 -5.07 <.0001
SB_1 -0.834594 0.039004 -21.40 <.0001
AF_1 0.444390 0.120278 3.69 0.0002
FC_12 0.374287 0.054924 6.81 <.0001
FC_21 0.370818 0.061487 6.08 <.0001
FC_31 0.200343 0.069236 2.89 0.0038
AL_12 0.089227 0.039232 2.27 0.0229
AL_16 -0.248387 0.056147 -4.42 <.0001
LC 3 0.115579 0.047127 2.45 0.0142
RS 1 0.173417 0.041064 4.22 <.0001
AC_1 -0.881880 0.067288 -13.11 <.0001
AC 2 -0.786810 0.111487 -7.06 <.0001
AC_3 -1.822413 0.072100 -25.28 <.0001
AC 4 -0.150069 0.055960 -2.68 0.0073
Cv_1 1.515346 0.090261 16.79 <.0001
Cv_2 0.480353 0.061857 7.77 <.0001
Cv_3 0.635253 0.056802 11.18 <.0001
SL 1 0.020760 0.001298 15.99 <.0001
TA 1 -0.071920 0.033522 -2.15 0.0319
_Limit2 0.373200 0.012214 30.56 <.0001
_Limit3 1.150968 0.024151 47.66 <.0001
_Limit4 1.685025 0.035345 47.67 <.0001

Estrella 0.2496

Adjusted Estrella 0.2439

McFadden's LRI 0.1738

Log Likelihood -7230
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Table 4.31 Parameter Estimates for Older-Driver Inury Severity Model on Urban Roads

Parameter Estimate Standard Error | t Value | Approx Pr > |t|
Intercept -1.155491 0.131992 -8.75 <.0001
AG_4 0.055627 0.026021 2.14 0.0325
GD_1 -0.181644 0.020523 -8.85 <.0001
VT 1 0.146027 0.023314 6.26 <.0001
NP_1 0.060906 0.022686 2.6 0.0073
VM_1 0.112912 0.024827 4.55 <.0001
VM_3 -0.448224 0.057992 -7.73 <.0001
VM_4 0.087839 0.037813 2.32 0.0202
VM_5 -0.554538 0.098822 -5.61 <.0001
VM_6 -0.769964 0.101859 -7.56 <.0001
SB_1 -0.799173 0.039467 -20.2 <.0001
AF_1 0.299045 0.114402 2.61 0.0089
FC_53 0.091127 0.022015 4.14 <.0001
AL_12 0.133606 0.022421 5.96 <.0001
LC 3 0.212464 0.091788 2.31 0.0206
RC_3 0.051463 0.024792 2.08 0.0379
WC_1 0.325479 0.065982 4.93 <.0001
WC_2 0.263742 0.072562 3.63 0.0003
AC_2 -0.270038 0.111640 -2.42 0.0156
AC_3 -1.185102 0.189744 -6.25 <.0001
AC 4 0.490960 0.099267 4.95 <.0001
Cv_1 1.079411 0.072338 14.92 <.0001
Cv_2 0.465327 0.046634 9.98 <.0001
Cv_3 0.607489 0.043605 13.93 <.0001
SL_ 1 0.013123 0.001055 12.44 <.0001
NV_2 -0.767203 0.098139 -7.82 <.0001
_Limit2 0.466329 0.009774 47.71 <.0001
_Limit3 1.399145 0.025332 55.23 <.0001
_Limit4 2.019307 0.049719 40.61 <.0001

Estrella 0.0687

Adjusted Estrella 0.0666

McFadden's LRI 0.0653

Log Likelihood -13529

The variable associated with gender has a negasitvmate in both models indicating
that when older male drivers are involved in crashigere is a tendency for low injury severity
compared to older female drivers involved in craste other words, older females are at higher

84



risk as compared to males, irrespective of whezecthsh occurs. This may be due to the fact
that females are generally not as competent assroéleearing physical or mental trauma
resulting from crashg85). In both models, if no passengers are present tha tendency
towards having more severe injuries as a resudtahes, which was revealed under the
decomposition method as well. When passengersrasemt, they might be active in adverse
conditions providing extra support and informattordrivers(21), and if a crash occurs, there is
higher chance for someone to remain uninjured whubdcask emergency services for help.
Seat belt usage has reduced injury severity in battiels, while presence of alcohol has
raised injury severity among older drivers. Drurdten drivers do not take evasive maneuvers to
prevent crashes most of the tid8) and this could lead to higher injury severity améimem. A
careful observation of estimates gives more sped#tails about how far this affects injury

severity.

4.3.2.2 Crash Related

Among different types of vehicles driven by oldeivdrs, cars, vans, pickup trucks, and
SUVs indicate significant influence towards explagninjury severity in the rural model. But, in
the urban injury severity model, only cars havégaificant influence towards explaining injury
severity. In the rural injury severity model, védnlies belonging to vehicle type estimates show a
similar kind of effect from all four vehicle typexcept pickup trucks which have lesser impact
on injury severity. Significant variables assoaiaéth vehicle maneuvering in the rural injury
severity model indicated a negative impact on etiterer injury severity, but in the urban
model no such consistent pattern is observed.

It was unexpected to see that all variables rélaieaccident class indicated negative
estimates in the rural model. This was perhapgadltige other alternatives causing more severity
compared to the ones considered in the model. ¥ample, an overturned vehicle situation was
highlighted in the previous analysis as causingentamage and this may have affected the
model parameters. Similar types of results candserwved in the urban injury severity model
except for the positive impact when older-drivehieées crashed into fixed objects. Head-on
crashes, rear-end crashes, and angle crashegmafeeant in both rural and urban models with
positive parameter estimates indicating theretendency for high injury severity.

The number of vehicles involved in a crash becom&gnificant in the rural model, but

in the urban model, multi-vehicle crashes showgdicant results. The negative estimates
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revealed that single-vehicle crashes are more s@reurban roads and this verifies the findings

in decomposition method.

4.3.2.3 Roadway Related

According to the model estimates, intersectionteel@rashes involving older drivers on
rural roadways have a tendency towards high sengnmees, whereas on-road type crashes have
an opposite effect compared to off-road type cras8anilarly in urban roads, intersection-
related crashes have a positive relationship witlry severity, but whether the crash is on-road
or off-road is not significant in the urban modehis is quite obvious because there are higher
chances for rural crashes to end up on off-roadsing severe injuries due to the higher speed
limits (mean of 52 mph) and lack of facilities dabie on the roadside such as guard rails,
shoulder lanes, and lighting etc. But on urban spadhere speeds are little lower (mean of 36)
and with better facilities, the chances are lowerstich type of crashes.

Variables related to rural arterials, collectors] éocal roads are significant in the rural
model having higher estimates for arterials antectdrs. The rural interstate variable is not
significant according to the model output and e results were observed using the
decomposition method as well. In the urban moddly arterials became significant and had a
positive effect on injury severity.

Speed is a major criterion toward injury severiggéd on the laws of physics. Verifying
that, model results indicated that speed has eoptiopal relationship with injury severity and
estimates further explain that the rate is a Iittgher on rural roads compared to urban roads.

4.3.2.4 Environment Related

Both cases when streets are dark without streatisligecame significant with a tendency
of increasing injury severity. Crashes occurringmy peak times on rural roads have negative
effects with respect to injury severity over offaieime crashes. Different weather conditions
showed no significance in the rural severity modat in the urban severity model, neither

adverse weather conditions nor rainy weather camnmgitshowed significant results.
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CHAPTER 5 - Summary, Conclusions and Recommendatian

5.1 Summary and Conclusions

Crash data obtained from Kansas Department of paatetion through years 2002 to
2006 were analyzed with the intention of identityicharacteristics of older drivers involved in
crashes in Kansas. Detailed characteristic andststat analysis was carried out for older drivers
involved in crashes under a number of categoriesilé& analysis was done for some identified
categories involving younger and middle-aged dewenere older-driver-related analysis
showed significant results. Thus, comparisons weade and issues related to older drivers were
highlighted. Categories were made mainly basedrimerdrelated, crash-related, roadway-
related, and environment-related factors.

According to analysis results, contingency tabtd®ived by the chi-square test revealed
a significant relationship between age groups affierent categories of crashes. Number of
older male drivers involved in crashes was higloengared to older female drivers, even though
older-driver licensees’ data indicates that theeenaore female drivers holding drivers license
compared to male drivers. When severity is consiiegthere was no significant difference
among drivers based on gender. Most of the oldeedmvolved crashes occurred in good
environmental conditions, such as during dayligit ao adverse weather conditions. But, from
the statistical analysis, it was revealed thatheeitighting conditions nor weather conditions had
any significant effect on injury severity. A sigicéint percentage of older-driver-involved
crashes occurred at intersections, whereas maksegfoung and middle-aged-drivers-involved
crashes took place at non-intersections. At theedame, intersection-related crashes ended up
with severe injuries and off-roadway crashes regubetven higher levels of severity. A majority
of older drivers involved in crashes were in the afj65 to 74 years and an insignificant
percentage of older drivers were under the infleesfcalcohol at the time of the crash. A
significant number of older drivers crashed at agl@ compared to other driver groups involved
in crashes, yet on the other hand, their involvenrerear-end crashes was comparatively low.
But, both angle and rear-end crashes were assoeigtte higher severity levels. A lesser
number of older-driver-driven vehicles were oventd as a result of crashes, but driver injuries
were more severe. A higher number of vehicles @edliwith another motor vehicle rather than

hitting a fixed object. Hitting another vehicle indted no significance in respect to severity, but
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hitting fixed objects did. A higher number of olditvers were involved in left-turn and right-
turn-related crashes, which mostly occurred atrsetetions. Further, older drivers were
involved in a higher number of backing-related besscompared to other age groups, but their
involvement in slowing down or stopping-relatedstras was at lower levels. Again, none of
them were insignificant in regard to crash sevetitwever, crashes occurring on straight
sections of the road caused high severity levels.

It was not possible to make a final conclusion dlwdder drivers based on the two
methods considered in this study, since these niglgoverned by various other external factors
such as exposure conditions, driver skills, roattdoons, etc. Therefore, a safety survey was
conducted among older drivers and conclusions agfellows.

From the initial percentage calculations, it carcbecluded that most of older drivers
have more than 50 years of experience, drive chrshvare not older, and drive at least two days
per week. Seat belt usage was found to be high ginoth drivers and passengers. Roundabouts
seemed to be not popular among older drivers dhtulas point to the most challenging
maneuvering task for older drivers, especiallyrasignalized intersections. However, older
drivers showed maximum confidence for right-turmeiavering as well as left-turn
maneuvering where signals with green arrows wezegmt. Avoidance of high-traffic roads was
more common among older drivers and converselyemrce for local roads and urban minor
roads was high.

When looking at differences based on gender, naakesverrepresented with the
difficulties of stopping, stopped waiting to tuwr, slowing down. On the other hand, females
showed higher levels of difficulty associated widkntifying speeds and distance of oncoming
traffic compared to males. The average number tdswiriven by female older drivers is less
compared to male older drivers, and females hdvgleer propensity for involvement in
crashes.

Analysis based on age revealed that the levelfifalty associated with older drivers
increases with aging and similarly, preferencevimédemanding conditions such as snowy
weather, nighttime driving, and use of freeways® aises with aging. Co-relationships were
found for miles driven with income, age, and gentiermber of miles driven was higher as
income increased but with increasing age, numbaerilefs driven decreased. A majority of older

drivers would like to stop driving either when théoctors advise or when their vision gets poor.
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Based on the respondents who met with at leasgéescrash during the last 10
years, some interesting facts were found. Theipsupe to rainy and snowy weather conditions
were high and they reported higher difficultiesexsally in association with merging, diverging,
and identifying speeds and distance of oncomirf§draFurther, statistics showed that drivers
older than 70 years were highly involved in craslaesl those with elevated income levels and
education had higher involvement in crashes; howevieen number of miles driven increased,
chances of being involved in crashes decreased.

Following the characteristic and injury severityabysis, it was found that injury severity
is higher in crashes occurring on rural roads caegb#o urban roads. Under several situations,
such as gender, age, road type, speed limit, nuofhahicles involved, driver contribution,
road character, road location, vehicle type, amdgmce of passengers, the decomposition ratios
were calculated to identify contributing factorsstach severity levels.

Results showed that higher fatal crash incidenosities and injury fatality rates
occurred in rural compared to urban areas andieéngrior research findings. There was no
noticeable difference between driver gender, biweds older than 84 years indicated a higher
chance of getting severe injuries when involvedrashes. Crashes occurring on rural arterials
and speed limits between 46 to 65 mph resulted migher crash severity. Multi-vehicle crashes
occurring on rural roads had higher fatal crasiderce density rates compared to single-vehicle
crashes. Among driver contributions towards fatakhes, driving on the wrong side or going
the wrong way, driving under influence of drugsatohol, failure to comply with traffic signs
or signals, and high-speed driving were at theofdjpe list. Both straight and curved hill crests
were associated with higher fatal crash incideraresilies as were as roadside crashes, including
shoulder-off-roadway crashes. Pickup trucks and SWwere highly represented in higher
number of fatalities on rural roads. Presence sfpagers seemed to contribute more toward the
reduction in fatalities on rural roads. Where negeggers were present, crash fatalities were
higher.

The decomposition ratio method identified contrbgtfactors towards higher crash/
injury severity on rural and urban roads. VariaMese considered one at a time to identify their
individual effect towards crash/ injury severitysibg the ordered probit modeling, a similar

study was done, but the objective was to deteritiaeombined effect of variables contributing
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towards higher injury severity. Variables undewdrirelated, crash-related, roadway-related and
environment-related were considered.

Most driver-related variables were significanthie model and older drivers aged less
than 85 years were at a lower risk compared toratluer age categories in rural areas. Males
had a tendency for lower injury severity both obarr and rural roads compared to females. Seat
belt usage and presence of passengers led to eticadun injury severity among older drivers,
whereas presence of alcohol raised injury sevelitys, vans, pickup trucks, and SUVs were
significant in the rural road model, whereas inthigan road model, only cars were significant
in increasing injury severity of older drivers. §lie-vehicle crashes were more severe on urban
roads resulting in higher injury severity for oldiivers; but on rural roads, the number of
vehicles involved in crashes was not significamagbes occurring on both rural and urban
arterials resulted in higher injury severity to@ldlrivers and speed was also found as a major
contributing factor toward injury severity. In batiodels, intersection-related crashes and
crashes occurring under no streetlight conditisntsved a higher tendency towards increasing
injury severity among older drivers. Off-road-tygrashes and crashes occurring during off-peak

times in rural areas had a tendency to cause neveFesinjuries to older drivers.

5.2 Recommendations
The study can be extended to analyze differerdrathb-categories highlighted in the
injury severity analysis, such as intersectionteglarashes, to find out specific contributing
factors to such circumstances. Further, collectioth use of more exposure type of data would
lead to identify more behavioral related factorbjali would help to improve the safety of older

drivers.

5.2.1 Possible Countermeasures
Based on the study, a number of countermeasurelsecanggested to improve the safety
of older drivers in Kansas. In general, implemaatabf these countermeasures is a lengthy
process with several stages such as planning,rdegigmplementation, and output evaluation.
All these steps require financing and each imprey@mwill be associated with a certain amount
of costs plus benefits. However, all these cosb@ated issues are beyond the scope of this
research study and thus, no accountability wasngmgen suggesting countermeasures to

improve older-driver safety in Kansas. In addititie countermeasures suggested in this section
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are exclusively based on the approach of improsafgty of older drivers and they may have
different implications towards other driver groupsad users, or other related parties. These may
include increased travel times for both vehicled passengers, processes becoming more
complicated and requiring more resources, and begpexasperating among other driver-age
groups, etc. Thus, the selection of countermeagaraesplementation should be made with
sufficient care given to state policies, capalaiififuture plans, etc.

Most of the countermeasures are from the oldeeds\perspective, because the study
mainly focused on older drivers’ behaviors andteglanvolvements. But still, there are some
countermeasures which can be implemented by thewrgineer and all are discussed in this
section in detail.

At present, older-driver license renewals are neglevery four years. But the study
revealed that when drivers are aging, likelinesgatd involvement in crashes as well as injury
severity are high. A four-year period is a consithée time, especially when considering drivers
older than 75 years. Chances are higher for vapbysical and mental deterioration during such
time periods. These may go unnoticed by the autesrand consequently older drivers may risk
their lives as well as others every day by drivamgpublic roadways. Therefore, it might be
necessary to reduce the duration of the drivecenise renewal policy in order to make sure
drivers on roads have sufficient capabilities tw@lsafely. In addition, it was found that older
drivers are very reluctant to make the decisiodrofing cessation unless influenced by a
professional or an outside party. Further, whekilopat the driver’s license renewal system,
the same tests are required for older driverstaer alrivers and this possibly requires a change.
Older-drivers’ tests need more emphasis on evalgaecific capabilities highlighted in the
study to ensure they pursue required levels olsskilbe safe and responsible drivers. The
bottom line is that driver’s license renewal pragrr older drivers needs to be re-organized in
such a way that it can improve the safety of ottterers as well as other road users.

Learning or education programs would help to imprthe safety of older drivers to a
great extent. Many researchers have suggestedslagjood countermeasure, but still the
efficiency of such programs is yet to be evalualétere are agencies that conduct such
programs today and following their lead could addrie issues needed to be emphasized by
older drivers. First of all, these types of progsamill help older drivers to understand the

difficulties they have when they are aging. Thithis most important objective to be achieved
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before exercising any modifications, because asamupeings, they are reluctant or hesitant to
change their mind set to accept any of these mieginchphysical conditions as a result of aging.
Once understood, it is easier to modify drivingdnebrs of older drivers toward identifying and
paying more attention to individual circumstandes. example, if an older driver is having
difficulties seeing at night, but has no other peatowith respect to driving skills, then he or she
needs not to stop driving completely, but insteasichdriving at nighttime. These modifications
can be easily done through an educational progoacguse older drivers are willing to hear
from professionals regarding their driving decisiorurther, these programs will help to
acknowledge the challenging situations faced bgrothtivers and provide guidelines to handle
such situations more effectively. At the last réseducational programs would identify older
drivers who need to stop driving and will encourdgeng so with fewer complications.

Similarly, introduction of best practices throughrious sources will improve the safety
of older drivers as well as others. Use of sedsbkhving passengers when driving, especially
on rural roads; reducing the number of left tumd ather demanding conditions; avoiding drunk
driving; and no speeding are some of best practiwgscan be introduced at this stage. The
media could be used to approach older driversigwrdgard and there are many programs which
have the capability of doing this effectively.

As mentioned earlier, there are improvements whahbe done on roadways to improve
safety of older drivers as well. From the studyats found that crash severity is higher at hill
crests and curvatures. Therefore, a reduction jomvartical differences and an increase in the
radius of curvatures are appropriate in relatiooltier-driver safety enhancement. Most severe
crashes occurred at off-road conditions and coresgty) overturned crashes and vehicles struck
with fixed objects were at top of the list. Thuse hecessity for more clear zones is evident,
especially in rural areas and these clear zonas tod@ave lesser slopes to prevent overturning.
Guard rails and rumble strips will also help iny@eting run-off-the-road crashes, and removal
of fixed objects closer to roads will help to redwseverity when crashes occur. More road signs
may help to overcome some driver-related errorsritring to crashes, such as driving on the
wrong side or going the wrong way, failing to yigildability to comply with traffic signals, and
S0 on. Better street lighting facilitates will ingwe visibility at night, and better road markings

will facilitate conflicts or misjudgments in veh&chaneuverings.
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Separate left-turn arrows in signalized intersextior introduction of more roundabouts
will reduce the number of older-driver-involved sias occurring at intersections due to
conflicting conditions. Further, introduction obae-way road system may also a good solution
for this matter.
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Appendix A - People Involvement in Crashes in Kansas, 1997-2006

Table A.1 All People Involved in Crashes in Kansad,997-2000

1997 1998 1999 2000 2001 2002 2003 2004 20Q 2006
Number of total crashes 76,641 79,112 78,694 78,242 78,856 78,314 75,011 74,119 68,675 65,460
Number of people involved 191,933 198,445| 196,422| 192,193| 192,131| 190,032 180,296| 177,416| 162,541| 154,726
-Drivers 124,750 129,024| 128,470| 127,328 127,459| 126,792| 120,674 119,237| 110,299| 105,276
-Other occupants 66,064 68,389 66,931 63,920 63,697 62,284 58,726 57,277 51,363 48,620
-Pedestrians 1,119 1,032 1,021 945 975 956 896 902 879 830
Injury Severity Level
F- Fatal injury 481 493 54D 461 494 507 469 459 428 468
-Drivers 322 337 339 324 349 351 309 310 302 344
-Other occupants 122 114 161 111 117 127 130 125 98 95
-Pedestrians 37 42 40 26 28 29 30 24 28 29
D- Disabled-incapacitating 2,787 2,715 2,55p 2,319 2,203 2,004 2,014 1,862 1,870 1,745
-Drivers 1,770 1,742 1,62p 1,511 1,407 1,306 1,279 1,238 1,264 1,167
-Other occupants 851 854 809 695 657 604 616 524 501 479
-Pedestrians 166 119 11 113 139 94 119 100 105 99
I- Injury-not incapacitating 13,453 13,280 12,607 12,281 11,562 11,277 10,347 10,097 10,006 10,081
-Drivers 8,627 8,433 8,11P 7,98 7,638 7,440 6,867 6,720 6,797 6,917
-Other occupants 4,398 4,341 4,00p 3,859 3,483 3,349 3,063 2,954 2,763 2,730
-Pedestrians 528 506 48p 444 441 488 417 423 446 434
P- Possible injury 15,453 15,211 15,484 14,511 15,077 13,792 12,437 11,824 10,847 10,494
-Drivers 10,044 9,934 10,155 9,595 9,994 9,253 8,387 8,061 7,437 7,124
-Other occupants 5,068 4,952 4,986 4,594 4,750 4,240 3,767 3,448 3,152 3,118
-Pedestrians 341 325 343 322 333 299 283 315 258 252
N- Not injured 159,759| 166,746| 165,239| 162,621| 162,795| 162,444 140,501 134,408| 123,819| 118,982
-Drivers 104,087 108,578| 108,231| 107,920/ 108,071| 108,436 94,051 90,183 84,121 80,962
-Other occupants 55,625 58,128 56,973 54,661 54,690 53,962 46,419 44,205 39,679 38,009
-Pedestrians 47 40 3b 40 34 46 31 20 19 11
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Table A.2 Elderly People Involved in Crashes in Kasas, 1997-2000

1997 1998 1999 2000 2001 2002 2003 2004 2005 2006
Number of total crashes 10,641 11,049 10,940 10,410 10,421 10,385 9,953 9,846 8,76B 8,696
Number of people involved 13,557 14,094 13,926 13,184 13,056 12,974 12,552 12,313 10,892 10,859
-Drivers 10,293 10,641 10,565 10,024 10,021 9,953 9,624 9,44D 8,346 8,378
-Other occupants 3,215 3,415 3,31D 3,120 2,992 2,979 2,887 2,87 2,503 2,450
-Pedestrians 49 38 51 40 43 42 14 46 43 31
Injury Severity Level
F- Fatal injury 104 83 100 83 87 83 4 87 68 90
-Drivers 63 60 61 55 57 59 46 51 50 70
-Other occupants 32 21 34 20 23 20 16 26 14 16
-Pedestrians 9 2 5 8 7 4 5 10 4 4
D- Disabled-incapacitating 274 263 238 199 197 182 15 161 194 140
-Drivers 175 175 161 144 146 121 110 116 133 98
-Other occupants 83 75 67 47 44 53 39 38 47 35
-Pedestrians 16 13 10 8 7 8 9 7 14 7
I- Injury-not incapacitating 983 1,003 974 568 887 814 72 754 725 772
-Drivers 679 723 719 650 642 627 531 557 540 572
-Other occupants 288 265 235 194 225 169 177 186 175 184
-Pedestrians 16 15 20 12 20 18 14 11 10 16
P- Possible injury 1,177 1,030 1,17 1,040 1,044 1,015 8711 578 798 698
-Drivers 833 752 830 761 758 744 649 627 587 514
-Other occupants 337 270 333 267 278 261 211 212 198 181
-Pedestrians 7 8 16 12 8 10 11 18 13 3
N- Not injured 11,019 11,715 11,435 11,006 10,841 10,880 9,955 9,583 8,401 8,589
-Drivers 8,543 8,931 8,794 8,414 8,418 8,402 7,675 7,378 6,481 6,663
-Other occupants 2,475 2,784 2,641 2,592 2,422 2,476 2,278 2,205 1,924 1,935
-Pedestrians 1 0 0 0 1 2 2 0 2 1
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Appendix B - People Involved in Crashes in Kansas Based on Injur
Severities, 1997-2006
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Figure B.1 Comparison of Fatal Injuries Caused to Elerly People vs. All Ages
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Appendix C - Survey Form

Older Driver Safety Survey Form

We are conducting a survey on highway sastyes of older drivers in Kansas with the intamtio
of improving traffic safety. Please show your supdmy answering the following questions.
Information collected will be used for researchgmses only. The participation in the survey is
completely voluntary and you may quit anytime. duyhave any questions please free to contact
Dr. Sunanda Dissanayake, 2118 Fiedler Hall, KSUnh&gtan, KS 66506, Tel:785-532-1540 or
Dr. Rick Scheidt, 203 Fairchild Hall, KSU, Manhat{&S 66506 Tel: 785-532-3224

Please check the appropriate response(s).

1. Do you currently drive?

O Yes O No
2. How long have you been driving?
O 0-10 years O 11-20 years
O 21-30 years O 31-40 years
O 41-50 years O More than 50 years
3. What type of vehicle do you usually drive?
O Car O Suv
O Van O Pick up Truck
O Other ..., (Please specify)
4. How old is the vehicle you drive?
O 0-5years O 6-10 years
O 11 -15 years O 16-20 years
O 21-25 years O More than 25 years
5. How frequently do you drive?
O Everyday O 4-6 days per week
O 2-3 days per week O Once a week
O Once a month O Once in a while
6. Approximately how many miles do you drive each th@n
O 0-100 miles O 101 -200 miles
O 201 -500 miles O 501 -1000 miles
O 1001- 2000 miles O More than 2000 sile
7. What is your age group?
O Less than 65 years O 65-70years
O 71-75 years O 76 - 80 years
O 81- 85 years O More than 85 years
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8. How often do you wear the seat belt...

»  while driving? O O

»  as apassenger? o
9. How often do you drive at night compareday time? @] @]
10. How often do you feel the street is not lvenough @] @]

when driving at night?
11. How frequently do you drive on freeways? (ONNO)

12. How often do you drive on following weathenditions?

» Rainy o O
» Snowy @] @)
»  Windy @] @]
13. How often do you make sudden stops or @)
slow down on road without real necessity?
14. How often do you drive after consuming maethé @] 0]
15. How often do you drive after consuming alcohol? @] @]
16. How often do you drive alone? @]

17. How often do you have any difficulty assoethtvith (0] 0]
stopping, stopped waiting to turn or slogvifown?

18. How often do you encounter any difficulty with 0] 0]
straight following the road?

19. How often do you have a difficulty in laneaciging? (0]

20. How often do you have difficulty with mergingto traffic?O @]

21. How often do you have difficulty in judgings @] 0]
when merging or making a turn?

22. How often do you have difficulty with divergj @] @]

from the traffic?
23. How often do you have difficulty with 0]

negotiating curves?
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24. Has your seat belt usage changed over the%ea
O Increased O Decreased
O Almost the same O Don’t know

25. Have you been involved in a crash durirgglast 10 years?
O Yes O No

26. If yes, explain about how severe itwWého's at fault? & etc..............

27. If you have received a traffic violation afterning to 65 years,
what best describes the reason?

O Never received O Sheg

O Parking O DUl

O Reckless driving O Expired tagstise

O Vehicle deficiencies O Otherg@ify).....cccovvveiviennnn.

28. Do you have any difficulties at intersectiaosnpared to
driving on roadways?
O Yes O No

29. If yes, what type of intersection(s) makes gdficult to deal with?
O Stop light/ traffic lights O Roundabouts
O STOP sign controlled O No control
O YIELD sign controlled

30. What are the driving tasks that have become rohallenging for you
at intersectionsérk multiple answersif applicable)
O Making Left Turns with no signal lights
O Making Left Turns at traffic signals withougeeen arrow
O Making Left Turns at traffic signals with a grearrow
O Making Left Turns at un-signalized intersecsion
O Making Right Turns
O Yielding or Stopping
O Passing through
O None of the above

31. Is there any difficulty associated with idfing speeds and
distance of oncoming traffic?
O Not at all O Modttbe time
O Very rarely O Always
O Sometimes
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32. Which type of roads would you like to avoid whariving?
(mark multiple answers if applicable)

O Freeways O Two laneivided highways
O Urban major roads O Rural mad

O Urban minor roads O Local mad

O High traffic roads O Nonetloé above

33. Have you participated in any type of drigducation courses
since the age of 657

O Yes N
34. What is your Gender?
O Male O Female
35. Your marital status?
O Single O Married
O Divorced O Widowed

O Separated

36. When do you think you would stop driving?
O When my doctor advises O When myitazhildren interfere
O When my vision gets poor O When my spagbases
O None of the above

37. Your educational qualification?

O No formal schooling O Some high school

O Some college O Four year college

O Graduate degree O Other (specCify).....ccocevvviiiinnnnnns
38. How much is your annual househoidome?

O Lessthan $ 9,999 O $ 10,000 - $ 14,999

O $ 15,000 - $ 19,999 O $ 20,000 - $ 29,999

O $ 30,000 - $ 49,999 O $50,000 or above

39. Please select appropriate option regarding gouent residence?
O Own house O Rental

40. Your zip code is...?

Thank you for your time.
Have a great day!!
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Appendix D - NHTS Midwest Data

Table D.3 Total Number of Vehicle Miles Traveled (WT) by Midwest Sample Drivers

Based on Age

Rural Urban
Age Male Female Male Female Total
65-69 4,695,670 1,495,242 8,093,516  3,191,87%7,476,302
70-74 3,278,750 944,752 6,083,364 2,516,9372,823,3803
75-79 1,535,191 620,730 3,988,831 1,783,40(,928,152
80-84 714,956 324,469 2,304,703 672,707 4,016,835
85+ 197,544 49,300 580,886 217,470 1,045,200
Total 10,422,111 | 3,434,493 21,051,300 8,382,388 43,290

Table D.4 Number of Drivers in Midwest Sample Basedn Age

Rural Urban

Age Male Female Male Female Total
65-69 303 227 659 587 1,776
70-74 234 159 581 508 1,482
75-79 149 115 443 441 1,148
80-84 82 78 274 231 665
85+ 29 28 119 89 265
Total 797 607 2,076 1,856 5,336

,29

Table D.3 Average Number of VMT by a Driver in Midwest Based on Age

Rural Urban
Age Male Female Male Female
65-69 15,497 6,587 12,282 5,438
70-74 14,012 5,942 10,471 4,955
75-79 10,303 5,398 9,004 4,044
80-84 8,719 4,160 8,411 2,912
85+ 6,812 1,761 4,881 2,443
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Appendix E - Driver’s License Data in Kansas

Table E.5 Licensed Drivers in Kansas based on Aged Gender

Year-Gender/ Age 65-69 70-74 75-79 80-84 85 and ®ve Total

2006- Male 43,782 35,195 30,072 21,253 14,58 144,888
2006- Female 46,581 39,014 35,386 25,904 19,568 166,448
2005- Male 43,239 34,747 30,536 21,115 13,949 143,586
2005- Female 45,970 38,810 35,839 26,193 18,72 165,539
2004- Male 42,972 35,087 30,516 20,888 13,301 142,764
2004- Female 45,493 39,567 35,821 26,075 18,180 165,136
2003- Male 42,910 35,455 30,988 20,182 12,977 142,512
2003- Female 45,340 40,229 36,157 25,696 17,828 165,250
2002- Male 40,942 35,502 30,418 19,487 12,386 138,735
2002- Female 43,522 40,353 35,429 25,209 17,018 161,531

Total 440,751 373,959 331,162 232,002 158,515 1585
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Appendix F - Answers to Survey Question-26

1. 2001. Other car came through a stop sign, | hathtteeigh street. Bent frame so totaled
car

2. 2000. Stop sign violation........(unreadable)
Person backed out of a parking space. Very ndaarage. Other person at fault.
My fault. In parking lot. While backing from gang place, hit car backing out fromi%
adjacent parking place (little damage)
minor- other driver

6. The person driving behind me, made a turn theestame | did, was speeding and hit me
on the back end of my car.
No one was injured, my car was totaled. | ditireoeive a ticket on citation.
Left turn across 4 lane traffic- 21 rd Fairlawn.
Car ahead of me suddenly stopped- | stoppeaanidehind hit me and shoved me into
car ahead of me. She was charged.

10. | was stopped at a stop sign and a car rouraltwgve barely hit front bumper.

11. | was broad.-sided. Other car received ticttiet-not stop at STOP sign — | was on thru
street.

12. Car struck me from behind when stopped fofir@gudden stop)

13. Backed in to speeding vehicle in parking I®04£2 The only accident I've had in my life
time.

14. (Nothing written)

15. Very minor. Other vehicle, only bumper dentedane.

16. | was a passenger in the vehicle.

17. No traffic light and confusion about right oay My fault.

18. | have a shorter leg on the left side of theybd stepped from the brake to the gas pedal
at slow speed.

19. An uninsured motorist ran into me and totalgdcar.

20. My fault- didn’t | realized there was a throughe that didn’t stop, vehicle damage. No
one cited. Pick up pulled out slowly into road wi® mile speed limit. Vehicle damage

21. Severe, my fault, did not yield to oncomindftca
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Severe, not my fault, other driver did not yieight of way.

22. Minor. My fault-rounding the curve on KimbeA.fire truck was pulled across both
lanes. The car ahead of me got stopped before | did

23. Dec. 2, 2007. A car pulled in front of the tading in. then we hit other driver. He did
not stop. | was taken to the hospital by ambulaSt&yed about 3 hours.

24. Turned in front of a car trying to yield for ambulance, no ticked issued.

25. No one was at fault. The car in front of me sf@sving. | put my blinker on. No one
would get over.

26. While waiting for light to change, my car waar ended by a driver who failed to stop.

27. 1 turn in front of car partially caused by spee

28. Hit a retread truck tire in my lane and trafffohibited changing lanes.

29. Minor scrape. No fault. No ticket.

30. Totaled my car. Other driver at fault.

31. Car in front pulled out from behind a car tylo make a left turn. | slammed into the
car.

32. Was rear ended. Wasn’'t my fault

33. I was at fault in turning at corner and hit @ car also turning into my lane.

34. | had being complaining for no reason .(unreadable)

35. | was at fault. | passed out sitting at a rglt! The car hit a tree.

36. Because car 1997- totaled it out. Was otheedsifault.

37. 1 was rear ended. Totaled the car. Other dreegived ticket.

38. No ticket. 3-4 car sudden stop. All 3-4 ramiback of one in front. No fault-don’t know
about those at head of line

39. Deer hit driver side and rear door. Motorcydlism side street hit rear door + rear tire-
his insurance paid.

40. | was waiting for a car to turn left, | thougiite was moving on- she wasn't. | hit her.
Totaled my car. She had a Mercedes B. no damalger tcar.

41. Failure to yield car on my right. Had to geteav bumper for my car. My fault.

42. ' -power steering went out. Not too severe. No fault
2"% severe, my fault.

43. Hit an left wheel. ...(unreadable) Never stopped and turned into the police.
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44,
45,
46,
47,
48,
49,

Not severe. The girls fault for pulling outefit at sonic.
Deer

Not severe. Other driver was found to be dt.fau
Backing up | scraped a vehicle was too close.

Not at fault.

Someone hit my bumper, so it's not my fault.
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